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Nails of various types, either round or square, have been used for 
internal fixation of intracapsular fractures of the neck of the femur 
with varying success. This type of treatment has been abandoned 
because it brought about partial and temporary fixation only. Since the 
fixation was only partial, immobilization by means of a plaster cast had 
to be superimposed on the open operation until repair was far enough 
advanced to stand the strain of function. Since early function is the 
most important principle in the treatment of any joint fracture, this type 
of treatment necessarily fell short of the ideal. The type of nail previ- 
ously used brought about temporary fixation only. This was due to 
the fact that the nail was massive; it displaced so much bone that it 
actually created pressure necrosis surrounding it. Due to this necrosis, 
within a short time the nail became loose and ceased to function. 

To eliminate these two weak points a flanged nail was devised (fig. 
1) which brought about absolute fixation in all directions and displaced 
a minimum amount of bone. Because of its flanges, the nail is gripped 
by the cortex of the bone so that there can be.no rotation ; because of its 
shape, the surface area is much greater than that of the ordinary nail 
and friction is proportionately increased; because of the minimum dis- 
placement of bone, there is less pressure necrosis surrounding it; con- 
sequently, the fixation is sustained and complete, not temporary and 
partial, 





OPERATIVE TECHNIC 








\ great responsibility rests on the surgeon who introduces a new method of 
treatment. The desire to have a new idea published is so great that the originator 

: is often led astray, and the method is broadcast before it has been proved worth- 
hile and before the technic has been perfected. The method that is the subject of 
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this paper has been used for five years, and a sufficient series of cases has hee; 
studied to prove that it is worthwhile; the technic has been developed, and many 
errors eliminated. 


The success of any operation for open reduction of a joint fracture depends on 


the exposure of that fracture and the ease with which the surgeon can accurately 


aline the fragments. At first, two incisions were used. These adequately exposed 
the fracture but made it difficult to aim the nail accurately. To eliminate this 








Fig. 1—Flanged nail used in operation. 
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Fig. 2.—Incision used in operation. 


difficulty, one incision, a more extensive one, was developed (fig. 2). This is a 
modification of the incision previously described by one of the authors (Dr. Smith- 
Petersen).! 

The skin incision is made along the anterior third of the crest of the ilium, and 
continued along the anterior border of the tensor fascia femoris, curving posterior]) 
across the insertion of this muscle into the iliotibial band in the subtrochanter1 


1. Smith-Petersen, M. N.: New Approach to Hip Joint, Am. J. Orthop 
Surg. 15:592 (Aug.) 1917. 
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region. It should be kept in mind that the insertion of the tensor fascia femoris 
into the iliotibial band is low, from 3 to 4 inches below the base of the trochanter. 
The line of incision of the fascia (fig. 3) follows the anterior border of the tensor 
fascia femoris. Care should be taken not to injure the anterior femoral cutaneous 
nerve: it is mesial to the inner border of the tensor fascia femoris, close to the 
lateral border of the sartorius. 

The muscle attachments to the lateral aspect of the ilium are now incised along 
the crest of the ilium. It is important to make this a clearcut incision down to the 
bone, through the periosteum, since it then becomes easy to make a true periosteal 
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Line Sf incision of the fascia. 


reflection. The periosteum reflects easily as a continuous structure—it should not 
be frayed. The periosteum is reflected down to the superior margin of the 
acetabulum, and the muscle attachments between the anterior superior spine and the 
cotyloid ligament are divided. The flap thus reflected consists of the tensor fascia 
lemoris, the gluteus minimus and the anterior portion of the gluteus medius. 
Inferiorly, the fascial incision is carried across the insertion of the tensor fascia 
iemoris into the iliotibial band, exposing the superior portion of the rectus and 
the anterior portion of the vastus lateralis. 

The capsular incision is again a flap incision (fig. 4). It starts at a point just 
lateral to the cotyloid ligament, over the inferior aspect of the capsule. From this 
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point, it extends parallel with the cotyloid ligament to the superior aspect of th: 
capsule. It then curves laterally and continues beyond the capsule to the base oj 
the greater trochanter. It will be noticed that this incision divides a portion of 
the reflected head of the rectus femoris, which blends with the capsule below its 
insertion into the superior margin of the acetabulum; by reflecting it with th« 
capsule, the capsular flap becomes stronger and repair consequently easier. It also 
gives a continuous exposure of the anterior aspect of the hip from the cotyloid 
ligament to the base of the trochanter (fig. 5). 
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Fig. 4—Capsular incision. 


The fracture is now reduced, and in this manipulation it should be kept in 
mind that adduction, accompanied by lateral pressure applied to the inner aspect of 
the thigh, is helpful in unlocking the fragments. When the fracture is in alinement, 
the position is most easily retained by internal rotation, extension and abduction 
of the hip. The nail is now driven in through the lateral surface of the trochanter, 
at a point between the insertion of the gluteus medius and minimus and the origin 
of the vastus lateralis; these muscle attachments having previously been reflected 
subperiosteally. 
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\s the nail enters the proximal fragment there is a tendency to separation of 
the fragments (fig. 6). This tendency is overcome by the use of a most valuable 
tool, “the impactor,” which fits over the head of the nail so that the force of 
the blows is transmitted directly to the cortex of the femur in the subtrochanteric 
region, thus approximating the fragments. By alternately striking the nail and 
using the impactor, the nail is driven home. Impaction of the fragments is 
extremely important, and the nail should not be struck after impaction has been 
brought about, since by so doing we tend immediately to distract the fragments 


(fig. 7). 
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Fig. 5.—Exposure of the anterior aspect of the hip from the cotyloid ligament 
to the base of the trochanter. 


Before closing the capsule the success of the procedure should be put to the test 
by moving the hip through a wide range in flexion, abduction, adduction and 
rotation. There is no change in the fracture line as these manipulations are carried 
out, and it gives the surgeon confidence in the absolute fixation so that he will 
start function early. 

The capsular flap is now sutured back in position. Since it carries with it a 


portion of the reflected head of the rectus it is a strong structure and repair is 








Fig. 6—Diagram showing distraction of fracture surface as the nail enters the 
proximal fragments. 
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Fig. 7—-Diagram showing method of impacting the fracture. 








SMITH-PETERSEN ET AL—FRACTURES OF FEMUR 721 


satisfactory indeed. The muscular flap from the lateral aspect of the ilium is best 
sutured back into position with the hip in abduction, thereby relaxing the muscles 
contained in the flap. The same is true of the repair of the insertion of the tensor 
fascia femoris muscle. The remaining closure of the wound needs no detailed 
description. 
ARMAMENTARIUM 
In developing the technic of this procedure certain tools have been found of 


distinct help. 


Tools used for operative technic. 


rhe impactor (fig. 8, 7) has already been mentioned under operative technic 


ind its use explained. Since it has been found that impaction is of great importance 


or 


ir the success of the operation, the impactor is indispensable. 


\ spatula (fig. 8, 6) is used to insert between the head of the femur and the 
etabulum. It is notched so that it will fit over the ligamentum teres. The 
id of the femur is partially delivered from the acetabulum by means of this 

In cases in which the head of the femur is delivered completely from the 
etabulum, either to be grafted on the distal portion of the neck or to be 
scarded, a similar spatula with a cutting notch is used for division of the 
amentum teres (fig. 8, 2). 
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Nail-sets (fig. 8, 3 and 5) fit the head of the nail and are used when the 1 
has entered the femur to such an extent that it is no longer possible to strike it 
without traumatizing the soft parts. 


The cortex of the femur at the base of the trochanter is extremely thick and 
resists the entrance of the nail to such an extent that the blades of the nail in two 
cases actually became bent. In order to overcome this difficulty, a starter was 
devised (fig. 8, 4). This is just an abbreviated nail on a handle. One of the 
blades of this starter projects beyond the other two which allows it to enter the 
cortex of the femur easily. 

A distractor (fig. 8, 7) is used to facilitate the introduction of the spatula. It is 
inserted between the head of the femur and the acetabulum. It separates the joint 


surfaces so as to allow the spatula to be introduced without trauma. 


An “obstetrical forceps” (fig. 8, 8) is used to grasp the neck after the fracture 
has been reduced. Its two blades are introduced separately, intracapsularly, and 
then locked. It is a distinct aid in holding the fragments in apposition and is 


also a guide to the superior and inferior margins of the neck. 


In some instances the aiming of the nail has been faulty and the nail has had 


to be withdrawn so that its course might be altered. Since the cortex of the femur 


grasps the nail very tightly, no ordinary tool allows ‘the withdrawal of the nail 


without considerable trauma. In order to facilitate this procedure, an instrument, 


built on the principle of the old fashioned corkscrew, is used (fig. 8, 9). 


A flexible steel measure with a slide (fig. 8, 10) is used for measuring the 
distance from the femoral joint surface to the base of the trochanter in order to 
select a nail of the right length. 


The nail (fig. 8, 11) as now used is made of rustless steel and has three flanges. 


Previously nickel steel was tried, but was found to be too soft. The flanges are 142 
inch in thickness throughout, from 4% to % inch in width, and make an angle of 
120 degrees with one another. The length of the nail varies from 2% to 4 inches. 


POSTOPERATIVE TREATMENT 
In the early cases plaster casts were applied postoperatively, and 
these were followed by ring calipers when the patient became ambula- 


tory. As confidence in this procedure increased, postoperative fixation 


was diminished and we now suspend the affected extremity and apply 


5 pounds of traction. This allows the patient to move around in bed 
and begin function earlier. Exercises are prescribed at first for the 
knee and foot and, at the end of two weeks, also for the hip. At the 
end of three weeks a bivalved short plaster spica is made in 10 to 15 
degrees of abduction. This spica is used for walking only. Because 
of the abducted position, weight-bearing can safely be undertaken, since 
in this position there is no tendency to distract the fragments. Weight- 
bearing is not always possible at the end of three weeks; it depends 
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entirely on the condition of the patient. There have been patients who 
have started before this time and there have also been some who have 
not started weight-bearing until from four to five weeks postoperatively. 
In cases in which expense plays no part, a jointed leather spica is used 
in place of the plaster. Support in the form of a plaster or leather 
spica should be used for a period of from three to six months, depend- 
ing on the rate of repair as shown by the roentgenograms. 

Removal of the nail has been undertaken at various times, varying 
from six months to four years. This is a very minor procedure and 
does not disable the patient. When the roentgenograms show bony 
union, the nail has ceased to function and consequently there is no 
objection to its removal. 








Fig. 9 (case 1).—Roentgenograms taken five days before operation and two 
and eight months after operation. 


POSTOPERATIVE COURSE 

In the series of cases reported in this paper immediate postoperative 
reaction was slight indeed. At no time was there any need of resorting 
to shock measures. The outstanding reason for the absence of shock, 
we feel, is the nontraumatic approach. It follows structural planes, and 


the exposure is so satisfactory that the work on the hip joint itself can 


be performed without the traumatic retraction necessary in less exten- 


sive exposures. The absence of pain was very striking; as a rule, the 
patients are comfortable on the day of the operation. 


REPORT OF CASES 


Case 1—A. D., a youth, aged 17, a weaver, was admitted to the hospital on 


uly 26, 1925, and discharged on October 15. He had fallen on his hip, immediate 
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disability resulting. A diagnosis of fracture of the distal part of the neck of 


ine 


right femur was made. The fracture was of five days’ duration. 


The preoperative treatment consisted of traction in a Thomas splint. Op 


\ugust 1, under nitrous oxide anesthesia, two incisions were made: (1) a supra- 
articular, subperiosteal approach for exposure of the hip and (2) a short, straight 
incision over the trochanter for insertion of the nail. There was no shock 
requiring treatment. The maximum temperature was 100 F., and the maximum 
pulse rate, 90. Pain was negligible. A single long spica was used for five weeks 
after operation, calipers with weight-bearing for seven weeks and after five and 


one-half months no protection was needed. The patient remained in the hospital 


for eighty-two days and returned to preoperative activities six months after injury. 


In December, 1925, the range of motion in the operated hip was the same in 
every direction as that of the unoperated hip. The patient volunteered that he 
would not know which hip was fractured were it not for the scar. 

On Jan. 19, 1926, five and one-half months after operation, the nail, which 
was firm, was extracted with difficulty. Roentgen examination showed that the 
nail apparently did not enter the head. This might have been due to distortion in 
the roentgenogram or it might have been actually true. At the time of operation, 
after the nail had been driven in, the hip could be moved through a wide range of 
motion without any change in the fracture. If the nail did not enter the proximal 


fragment, there must have been sufficient impaction to hold the fragments together. 


Comment.—The excellent result in this case was due to the anatomic reduction 
and impaction and not to the nail. It must be remembered that this fracture was of 
the distal portion of the neck of the femur in a young boy, consequently an 
excellent result should have been obtained by any method of treatment. The 
roentgenograms showed bony union. 


Case 2.—J. G., a man, aged 57, a laborer in a tannery, was admitted to the 
hospital on Aug. 12, 1925, and discharged on September 25. He was injured by 
falling downstairs. A diagnosis of fracture of the middle portion of the neck of 
the left femur was made. The fracture was of six weeks’ duration. 

Prior to operation, the patient was ambulatory, crutches being used without 
weight-bearing. On August 18, under ethylene anesthesia, two incisions were 
made as in case 1: (1) a supra-articular, subperiosteal approach for exposure of 
the hip and (2) a short, straight incision over the trochanter for insertion of the 
nail. There was no shock requiring treatment. The maximum temperature was 
100 F., and the maximum pulse rate, 100. Pain was negligible. Following operation, 
suspension in a Thomas splint with five pounds of traction was done for nine 
days. <A short plaster spica was used for six weeks, then weight-bearing without 
crutches or cast. The period of hospitalization was fifteen days. The patient 
returned to preoperative activities three and one-half months after operation. 

In September, 1929, examination showed that the patient walked with a slight 
limp and slight toeing out; he could sit fairly well back in a chair and cross his 
knees with difficulty. The left trochanter was three-eighths inch higher than the 
right. The scar was elastic and not sensitive. Active and passive motions were as 


follows: external rotation, from 5 to 10 degrees; internal rotation, none; permanent 
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flexion, from 20 to 25 degrees; motion in flexion, 75 degrees; abduction, 5 degrees 


and adduction, 10 degrees. In the knee there was no permanent flexion, and 


motion in flexion was normal. 


Comment.—Three and one-half months after operation, the patient was working 
as a laborer and walked without a limp. There was a feeling of stiffness, but no 


pain in the hip. Four years later he was following the same occupation, but during 


this time there had been increasing stiffness and some pain in both hips. Roent- 
genograms showed bony union and also hypertrophic changes sufficient to account 


for the increasing limitation of motion. 


Case 3.—A. C., a woman, aged 60, whose occupation was housework, was 
admitted to the hospital on Feb. 3, 1926, and discharged on June 13; she was 
readmitted on Jan. 12, 1927, and discharged on March 17. She was injured by a 
fall on a level surface. A diagnosis of fracture of the middle part of the neck 
of the right femur was made. The fracture was of three weeks’ duration. The 
patient suffered from alcoholic psychosis and delirium tremens. 


Before operation, treatment was given for the delirium tremens. On February 
26, six weeks after injury, two incisions were made under ethylene anesthesia. 
There was no shock requiring treatment. The maximum temperature was 101 F., 
and the maximum pulse rate, 120. Pain was negligible. A plaster spica was 
used for two weeks after operation. The patient remained in bed for eight weeks, 
and on the seventy-third day after operation the Thomas caliper walking splint 
with weight-bearing was used. The period of hospitalization was one hundred 
and six days. 

The patient returned to the hospital on Jan. 12, 1927, for removal of the nail. 
Roentgenograms showed nonunion and absorption of the neck. The nail was 
removed on January 22, and Whitman’s reconstruction was done. 


In June, 1928, examination showed that the patient walked with a limp, held 
the hip in external rotation and was able to sit perfectly square on a chair. There 
was complete extension, with flexion to 90 degrees, and the total range of abduction 
and adduction was from 30 to 35 degrees. There was permanent external rotation 
from 5 to 10 degrees, and motion in external rotation to 25 degrees. Shortening 
of one-half inch was noted. The knee motions were normal. 


Comment.—Delirium tremens complicated the preoperative condition. There 
was absorption of the neck of the femur, and Whitman’s reconstruction was done. 

This was one of the first cases and quite instructive. Two incisions were used, 
which in itself was a handicap, operation was prolonged and exposure of the 
fracture and aiming of the nail was more difficult. Impaction had not been found 
to be of great importance, and too short a nail was used, giving insufficient grip 
on the head. Furthermore, the postoperative treatment was prolonged; the 
patient did not walk until ten weeks after operation. This was unquestionably a 
mistake. Early weight-bearing in abduction would have tended to increase nutri- 
tion, aid impaction and possibly brought about union. It is interesting that even 
though the first open operation failed, the secondary procedure, a Whitman 
reconstruction, succeeded and an excellent result was obtained. 
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Case 4—V. C., a man, aged 33, a smelter, was admitted to the hospital , 
Sept. 13, 1926, and discharged on October 8. He was injured when hit by a 
truck. <A diagnosis of old, ununited fracture of the middle part of the neck of 
the left femur was made. The fracture was of nine and one-half months’ 
duration. Before entering the Massachusetts General Hospital, the patient was 
in bed without apparatus for two weeks, and walked with crutches and a cane for 
four and one-half months. His general condition was good. 

On September 15, under ethylene and ether anesthesia, two incisions were made. 
There was no shock requiring treatment. The maximum temperature was 101 F., 
and the maximum pulse rate, 130. Pain was negligible. Bender bandage spica 
was used for three weeks, then the patient walked with a Thomas caliper. Weight- 
bearing with crutches was allowed after five weeks. The period of hospitalization 
was twenty-five days. The patient returned to preoperative activities five and 
one-half months after operation. 

On September 12, the nail was easily withdrawn. It was removed because 
there was evidence of bursa formation around its head with pain and tenderness, 
and increasing limitation of motion. Since extraction of the nail, the patient has 
been free from symptoms and able to carry on his work as a smelter. 

In September, 1929, examination showed that the patient walked with a very 
slight limp and sat well back in his chair without discomfort. He could cross 
his knees with difficulty. The passive motions were as follows: internal rotation, 
from 10 to 15 degrees; external rotation, from 5 to 10 degrees; abduction, from 
25 to 30 degrees; adduction, 20 degrees; flexion, 80 degrees and hyperextension, 
20 degrees. The active motions were: internal rotation, 10 degrees; external 
rotation, from 5 to 10 degrees; abduction, from 25 to 30 degrees; adduction, 20 
degrees; flexion, 75 degrees; hyperextension, from 15 to 20 degrees. In the knee 
there was complete extension and motion in flexion to 140 degrees. Shortening 
of three-quarters inch was noted. 


Comment.—This patient was the first to be operated on because of nonunion. 
The fracture was of long standing, nine and one-half months, and there had been 
considerable absorption of the neck. The patient’s age, 33, was definitely in his 


favor. A very satisfactory result was obtained, enabling the patient to go back 
to heavy manual labor. Roentgenograms taken at the end of one year showed 


bony union but deformity of the femoral head and neck due to preoperative 
absorption. 


Case 5.—M. M., a woman, aged 54, a housewife, was admitted to the hospital 
on Dec. 24, 1926, and discharged on Feb. 26, 1927. She was injured by a fall 
on a level surface. A diagnosis of fracture of the middle part of the neck of the 
right femur was made. The fracture was of thirteen days’ duration. 

A Whitman spica was used for twelve days before operation. On Jan. 6, 1927, 
under ethylene anesthesia, two incisions were made. There was no shock requiring 
treatment. The maximum temperature was 100 F., and the maximum pulse rate, 
110. Pain was negligible. Suspension in a Hodgen splint was dene for five weeks 
after operation, then a short plaster spica in abduction. The patient was walking 
with crutches and a spica six weeks after operation. The period of hospitalization 
was sixty-three days. On September 22, the nail, which was somewhat loose and 
corroded, was removed. 

In September, 1929, examination showed that the patient walked without a 
limp and no toeing out; she could sit normally, there was no lordosis and she 
could cross her knees while sitting. The trochanters were of the same level, and 
there was no scar sensitiveness. The passive motions were as follows: flexion, 
thigh to abdomen; abduction, 30 degrees; adduction, 20 degrees; internal rotation, 
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15 degrees; external rotation, 35 degrees; hyperextension, from 10 to 15 degrees. 
lhe active motions were the same as the passive. There was no shortening nor 
atrophy. 

Comment.—A_ splendid result was obtained. It was difficult to detect any 
difference in the function of the two hips. Roentgenograms showed bony union 
five months postoperatively. 

CasE 6.—M. D., a woman, aged 48, a housewife, was admitted to the hospital 
on March 4, 1926, and was discharged on July 10. She was injured by a fall 
on the ice. A diagnosis of fracture of the middle part of the neck of the left femur 
was made. 











Fig. 14 (case 6).—Roentgenograms taken on March 4, March 18, April 19 
and May 17, 1926, and on May 3, 1928. 


Prior to operation the patient was placed in a recumbent position and sandbags 
applied. On March 17, two incisions were made. There was no shock requiring 
treatment. After operation the patient remained in bed with a Bender bandage 
spica for seven weeks, and at two months postoperatively she walked with crutches. 
Weight-bearing with crutches was done five months postoperatively. The period 


ot hospitalization was one hundred and fifty days. Because the patient complained 


of pain in the hip and because of the close proximity of the nail to the joint, the 
nail was removed in June, 1926. She continued to walk with crutches because 
of pain in the hip, and roentgenograms showed nonunion. She was readmitted 
to the hospital on Jan. 30, 1930, and a Whitman reconstruction was performed. 
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Comment.—Again a failure occurred that must be attributed to lack of know 
ledge. Impaction was not sufficient. Early function in the abducted position 


was not emphasized. On the evidence of a distorted roentgenogram, it was 
thought that the nail came too close to the joint surface and consequently it wa 
extracted too early. 


Case 7.—E. R., a woman, aged 67, a dressmaker, was admitted to the hospital 
on March 1, 1927, and discharged on May 5. She was injured by a fall on a 
level surface. A diagnosis of fracture of the middle part of the neck of the 
right femur was made. The fracture was of twelve days’ duration. Opinions 
as to advisability of operation differed because of the patient’s poor physical 
condition. 

Before operation, suspension in a Thomas splint with 10 pounds of traction 
was done. On March 12, two incisions were made under ethylene anesthesia. 
There was no shock requiring treatment. The maximum temperature was 100 F., 


and the maximum pulse rate, 90. Very little pain was felt. Suspension with light 


Fig. 15 (case 7).—Roentgenograms made before operation and two months 
and one year after operation. 


traction was done for four weeks after operation, then weight-bearing with a 
short plaster spica and crutches. The patient was discharged walking with crutches. 

Roentgenograms in May, 1928, showed bony union at the site of the fracture. 
Examination in March, 1929, showed that the patient walked well without any 
support and with only a slight limp. There was no permanent flexion. There 
was motion in flexion to 100 degrees; abduction, 15 degrees, adduction, 10 degrees; 
internal rotation, 10 degrees and external rotation, 15 degrees. The patient died 
in November, 1929, from malignant disease, probably cancer of the stomach. 

Comment.—The patient was in poor physical condition, so much so that advis- 
ability of operation was questioned. No shock occurred from operation, but 
because of general weakness the patient was slow to learn to walk. The post- 
operative course was marked by absence of pain. 
after operation showed bony union. 


Case 8—A. T.. 


Roentgenograms taken a year 


a woman, aged 56, a laundress, was admitted to the hospital 
on March 23, 1927, and discharged on June 21; she was readmitted on Nov. 18, 
1927, and discharged on April 11, 1928. Injury resulted from a fall on a level 
surface. A diagnosis of fracture of the middle third of the neck of the left femur 
was made. The fracture was of ten days’ duration. 
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Preoperative treatment consisted of traction in a Thomas splint. On April 
two incisions were made under ether anesthesia. The patient was in a state 
moderate shock, but required no special treatment. The maximum temperatur: 


was 101 F., and the maximum pulse rate, 90. Suspension in a Hodgen splint wa 


uncomfortable so sandbags were substituted. One month postoperatively, phlebit 
of the left leg developed. The patient walked with crutches two months pos 
operatively, but did not bear much weight on the injured leg. 

She was readmitted to the hospital on Nov. 18, 1927. She had been staying 
in a nursing home where she walked with crutches but did little weight-bearing. 
For the three weeks previous to readmission she had not been able to bear any 
weight on the injured leg. Roentgenograms showed nonunion. On November 235, 
the nail was removed, and Whitman’s reconstruction performed. 


Comment.—The first operation failed, probably because of insufficient impaction. 
The patient was only 56 years old, so the failure cannot be accounted for on the 











Fig. 17 (case 9).—Roentgenograms taken on April 29 and June 14, 1927, and 
two months after operation. 


basis of age. At the time of operation the direction of the nail had to be altered. 


This additional trauma may have interfered with circulation sufficiently to account 
for the nonunion. 


Other cases in which this had to be done have gone on to 


This patient obtained a good result from the reconstruction of 
the hip and is now walking with a cane. 


union, however. 


Case 9—L. C., a woman, aged 80, with no occupation, was admitted to the 
hospital on April 29, 1927, and died on August 19. She was injured by a fall 
on a level surface. A diagnosis of fracture of the subcapital portion of the neck 
of the right femur was made. The fracture was of a few hours’ duration. 
The patient’s general condition was poor. 


The preoperative treatment consisted of suspension in a Thomas splint. On 


There was no shock 
The maximum temperature was 103 F., and the maximum 
There was a moderate amount of pain. 


May 4, one incision was made under ethylene anesthesia. 
requiring treatment. 
pulse rate, 118. The patient was started 
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on exercises between three to four weeks after operation. She began to walk 
with a split plaster spica from seven to eight weeks postoperatively. Three weeks 
after operation there was a superficial stitch abscess which increased until a sinus 
was established down to the joint. The wound sepsis never cleared up. A positive 
blood culture, Staphylococcus aureus, was finally obtained, and the patient died 
on August 19, one hundred and five days after operation. Autopsy showed 
pyarthrosis, with nonunion, and nephritis. 


Comment.—This patient is the oldest in the series. She stood the operation 
well, and the immediate postoperative course was very satisfactory. Her tempera- 
ture was normal from the third day after operation until the twenty-first day. At 
this time a superficial stitch abscess developed. This extended and resulted in 
the condition which was the direct cause of the fatal outcome. This was the 
first case in which one incision was used; consequently the operative technic was 
simplified, and even though the patient was 80 years old there was no postoperative 
shock requiring treatment. The importance of impaction even at this time was 
not sufficiently recognized. Roentgenograms taken at the end of two months 
showed no evidence of bony union, but no change in relationship of the bony 


fragments. 


Case 10.—W. W., a man, aged 22, a rigger, was admitted to the hospital on 
April 6, 1928, and discharged on November 27. He had been thrown between 
two turnstiles after catching his foot in a moving rope. A diagnosis of fracture 
of the distal part of the neck of the left femur, fracture of the middle third 
of the shaft of the left femur and fracture of the capitellum of the left 
humerus was made. The fractures were of one and one-half hours’ duration. The 
patient’s general condition was good. 

Prior to operation the fracture of the elbow was treated, and a Thomas splint 
with traction was used for the left hip. On April 9, one incision was made under 
gas oxygen and ether anesthesia. There was no shock requiring treatment. The 
maximum temperature was 101 F., and the maximum pulse rate, 130. Pain was 
negligible. Suspension in a Thomas splint with skeletal traction was applied 
for six weeks after operation, then a plaster spica for twelve weeks. On August 23, 
eighteen weeks after operation, the patient refractured the femoral shaft while turn- 
ing over in bed. The period of hospitalization was eight months at the first 
admission. 

On August 31, open reduction of the fracture of the shaft of the leit femur 
was done for nonunion. The Sherman plate and osteoperiosteal graft were used. 

On Aug. 21, 1929, the nail and Sherman plate were removed. A walking 
caliper splint was used until June, 1929, then the patient walked with a cane. 

In October, 1929, examination showed that the patient walked with a slight 
limp and did not toe out. He could sit well back in a chair and could cross his 
knees without difficulty. The trochanters were of the same level; the scars were 
elastic and not tender. Passive motions were as follows: internal rotation, 20 
degrees; external rotation, 35 degrees; abduction, 30 degrees; flexion, complete ; 
extension, 15 degrees hyperextension. The active motions were the same as the 


passive. In the knee there was permanent flexion of 5 degrees and motion in 
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flexion of 70 degrees. Shortening of 34 inch and atrophy of the thigh of 1% inches 
were noted. 

Comment.—This case is interesting because of two fractures of the femur; 
one had to be eliminated in order to treat the other satisfactorily. The hip 
fracture was consequently nailed, and the shaft fracture treated by skeletal traction. 
Progress was satisfactory until a bivalved plaster spica was applied and exercises 
started. The patient then refractured the femoral shaft, and plating accompanied 


by osteoperiosteal graft had to be resorted to. There was a successful outcome 


Fig. 19 (case 11).—Roentgenograms taken before operation and four and six 


weeks after operation. 


of both fractures but limitation of knee motion because of prolonged immobiliza- 
tion. The nail and Sherman plate were later removed, not because of any local 
condition demanding it, but because of the feeling of the fracture service that 
hardware should be removed after it had ceased to function. Roentgenograms 
showed bony union at the end of six months. 

Case 11—A. N., a woman, aged 52, was admitted to the hospital on Aug. 2, 
1928, and died on October 4. She was injured by a fall on a level surface. A 
diagnosis of fracture of the subcapital portion of the neck of the right femur was 
made, 
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Prior to operation, the patient was placed on a Bradford frame, with a pilloy 
and side splints to the leg; later traction and a Thomas splint were used. O 
August 9, one incision was made under ethylene anesthesia. There was no shock 
requiring treatment. The maximum temperature was 100 F., and the maximum pul 
rate, 100. Suspension and light traction were applied for sixteen days after opera- 
tion, then the patient walked with crutches and a short spica; no pain was felt. The 
period of hospitalization was sixty-four days. 


Comment.—Eight weeks after operation, the patient was walking about the ward 
on crutches when she suddenly collapsed and died in twenty-four hours. 


Autopsy 
demonstrated acute hemorrhagic pancreatitis as the cause of death. The hip 


showed excellent position of fragments and bony union, which was demonstrated 
microscopically and by roentgenograms of the specimen removed. This was the 
second case in which impaction was purposely produced at the time of operation, 
and this unquestionably accounted for bony union. 


Case 12.—S. M., a woman, aged 66, a housewife, was admitted to the hospital 
on Aug. 11, 1928, and discharged on October 30. 


She was injured by a fall on 
the level surface. 


A diagnosis of fracture of the distal third of the neck of the left 


femur was made. The fracture was of fourteen days’ duration. 


The patient’s 
general condition was poor because of a cardiac condition. 


Preoperative treatment consisted of suspension in a Thomas splint with light 


traction, digitalization and rest. On August 24, one incision was made under 


spinal anesthesia. There was no shock requiring treatment. The maximum 
temperature was 101 F., and the maximum pulse rate, 120. Pain was very slight. 
Suspension in a Thomas splint with traction was applied for four weeks, then 
walking caliper without weight-bearing for four weeks. Weight-bearing began 
two months postoperatively. The patient was discharged 
a toe drop splint. 


using crutches and 
The toe drop, which was not accounted for, developed post- 
operatively. The period of hospitalization was eighty days. The patient returned 
to preoperative activities eleven months postoperatively, July, 1929. 


In May, 1930, examination showed that the patient walked with a slight limp 


and slight toeing out. She sat normally and could cross her knees while sitting. 


The left trochanter was about one-half inch above the right; the scar was not 


sensitive. Passive motions were as follows: internal rotation, 5 degrees; external 
rotation, from 25 to 30 degrees; adduction, 15 degrees; abduction, 10 degrees; 


flexion, normal; hyperextension, 15 degrees. Active motions were the same. In 


the knee extension and flexion were complete. There was three-eighths of an inch 


shortening and no atrophy. 

Comment.—Digitalization was done before operation. This is the first case in 
which spinal anesthesia was used. The postoperative toe drop cleared up in six 
months. The end-result was excellent. Roentgenograms showed bony union 
at the end of one year. 

Case 13.—C. C., a woman, aged 55, a housewife, was admitted to the hospital 


on Aug. 13, 1928, and discharged on October 25. She was injured by a fall down- 
stairs. A diagnosis of fracture of the distal third of the neck of the left femur 


was made. The general condition of the patient, who was obese, was fair. 
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On August 24, one incision was made under spinal anesthesia. There 
was no shock requiring treatment. The maximum temperature was 100 F., 
and the maximum pulse rate, 95. Pain was negligible. Suspension in 
4 Thomas splint with light traction was applied for ten days, then a short 
plaster spica was used. The patient was ambulatory three weeks later; weight- 
bearing without crutches was allowed eight weeks postoperatively. The period 
of hospitalization was seventy days. The patient returned to preoperative activities 
three months after operation. 

In August, 1929, examination showed that the patient could walk without a 
limp or toeing out, could sit well back in a chair and could cross her knees while 
sitting. The left trochanter was one-quarter inch higher than the right; the 
scar was elastic and not sensitive. Passive motions were as follows: internal 
rotation, 15 degrees; external rotation, 40 degrees; abduction, 30 degrees; adduc- 
tion, 15 degrees; flexion, 120 degrees; extension, complete. Active motions were 
the same as the passive. In the knee there was complete flexion and complete 
extension. There was no shortening or atrophy. 


Comment.—The distal third of the neck of the left femur was fractured. Roent- 


genograms at the end of six months showed bony union. 


Case 14.—C. J., a woman, aged 66, a laundress, was admitted to the hospital 
on Sept. 2, 1928, and discharged on October 31. She was injured by a fall down- 
stairs. A diagnosis of fracture of the middle part of the neck of the left femur 
was made. The duration of the fracture was eight days. 

Preoperative treatment consisted of digitalization and a Thomas splint with 
light traction. On September 10, one incision was made under spinal anesthesia. 
There was no shock requiring treatment. The maximum temperature was 101 F.. 
and the maximum pulse rate, 110. Pain was negligible. Suspension in a Thomas 
splint with light traction was applied after operation. Three weeks postoperatively, 
a short plaster spica was used, and weight-bearing was allowed. The period ot 
hospitalization was fifty-six days. 

In March, 1930, examination showed that the patient walked with a limp and 
toed out. She sat well back in a chair; there was no lordosis, but she could not 
cross her knees while sitting. Passive motions were as follows: internal rotation, 
10 degrees; external rotation, 25 degrees; abduction, 25 degrees: 


adduction, 15 
degrees; flexion, 90 degrees; permanent flexion, 5 degrees. Active motions were: 


internal rotation, from 5 to 10 degrees; external rotation, from 15 to 20 degrees: 
abduction, 25 degrees; adduction, from 5 to 10 degrees; flexion, 70 degrees. In 


the knee, extension lacked 5 degrees and there was motion in flexion to 120 degrees. 


Shortening of 1% inches and slight atrophy were noted. 


Comment.—In July, 1929, nine months after discharge from the Massachusetts 
General Hospital, the patient fell, sustaining a subtrochanteric fracture of the 
same femur. She was treated at another hospital, in bed, for eleven weeks. This 
iracture united, but in malposition resulting in marked shortening. In spite of 
this, hip motions remained excellent. Roentgenograms showed bony union, although 


1 
+ 


ere was considerable deformity of the head and neck of the femur. 
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Case 15.—A. B., a woman, aged 62, a telegraph operator, was admitted to the 
hospital on Feb. 15, 1929, and died on March 14. She was injured by a fall on 
the stairs. A diagnosis of fracture of the middle part of the neck of the left femur 
was made. The fracture was of six days’ duration. 

Preoperative treatment consisted of suspension in a Thomas splint with light 
traction. On February 21, one incision was made under spinal anesthesia. There 
was no shock requiring treatment. The maximum temperature was 105 F., and the 
maximum pulse rate, 130. Pain was negligible. Postoperative treatment consisted 
of suspension with mild traction and a Thomas splint. The period of hospitalization 
was twenty-eight days. 

Comment.—On* the morning of the operation the patient had a temperature 
of 102.8 F., which was not brought to the attention of the surgeon. After opera- 
tion, the temperature dropped steadily to normal on the sixth day. During this 


time she was listless, very much distended and refused practically all her feedings. 





Fig. 23 (case 15).—Roentgenograms taken before operation and two days after 
operation. 


On the eighth day, the temperature began to rise steadily to 105 F., where it 
remained until the time of her death, twenty-one days after operation. Her 
pulse remained between 100 and 120. There was no local evidence of infection 
until the fifteenth day after operation. On that day the wound began to discharge 
serosanguineous material; culture showed Staphylococcus aureus. Blood culture 
showed the same organism. An autopsy was not obtained. Postoperative roent- 
venograms showed excellent position of the nail with complete reduction of the 
racture. The postoperative course suggests probable hematogenous infection. 
Case 16—A. H., a man, aged 36, a bookbinder, was admitted to the hospital 
Feb. 18, 1929, and discharged on April 13. Injury was caused by a fall on a 
vel surface. A diagnosis of fracture of the middle part of the neck of the left 
mur was made. The fracture was of five weeks’ duration. The patient’s general 


ndition was excellent. 
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\ Whitman spica was used for five weeks prior to operation. On March 23, 
one incision was made under ether anesthesia. There was no shock, and the post- 
operative course was entirely uneventful. Pain was negligible. Weight-bearing in 
a short spica was done eleven days after operation. The patient was discharged 
from the hospital twenty-one days after operation. 

One year after operation the patient walked without a limp, and there was no 
shortening. Motions of the left hip were the same as on the right. Motions of 
the knee joint were normal. 


Comment.—This patient was operated on in Oslo, Norway, consequently the 
notes are not as complete as in the cases personally followed after operation. 
The patient had excellent attention from the surgeon in charge, Dr. Wideroe, 
and got up on the eleventh day after operation, walking in a short spica with 
crutches. This is the earliest weight-bearing in any case. The result is remark- 
able. Results of the examination were furnished me by Dr. Wideroe who saw the 
patient one year after operation. The roentgenograms taken at the end of four 
months showed bony union. 

Case 17.—G. L., a woman aged 48, a bookkeeper, was admitted to the hospital 
on March 15, 1929, and discharged on June 10. She was injured by a fall on a 
level surface. A diagnosis of fracture of the middle third of the neck of the leit 
femur was made. The fracture was of twenty-seven days’ duration. The 
patient’s general condition was fair, being complicated by syphilis of the central 
nervous system. 

Preoperative treatment consisted of a Thomas splint and traction. On March 
23, one incision was made under spinal anesthesia. There was no shock requiring 
treatment. The maximum temperature was 102 F., and the maximum pulse rate, 
100. Pain was negligible. Suspension in a Thomas splint and light traction were 
used for three weeks, then weight-bearing with a short plaster spica and crutches. 
The period of hospitalization was ninety days. 

[In March, 1930, examination showed that the patient walked with a slight 
limp, toed out slightly, could sit normally, had no lordosis and could cross her 
knees while sitting. The trochanters were on the same level; there was no scar- 
sensitiveness. Passive motions were as follows: internal rotation, 15 degrees; 
external rotation, 25 degrees; abduction, 25 degrees; adduction, 15 degrees; 
flexion, 90 degrees, and complete extension. Active motions were: internal rotation, 
10 degrees; external rotation, 20 degrees; abduction 25 degrees; adduction, 15 
degrees, and flexion, 90 degrees. In the knee there was complete extension and 
motion in flexion to 90 degrees. There was no shortening or atrophy. 

Comment.—The patient’s condition was complicated by syphilis of the central 


nervous system. An excellent functional and anatomic result was obtained. 


Roentgenograms showed bony union at the end of nine months. Bony union in 
tabes speaks well for the method. 


Case 18.—S. B., a woman, aged 48, a housewife, was admitted to the hospital 
n July 15, 1929, and discharged on August 22. She was injured by a fall on a 
level surface. A diagnosis of old, ununited fracture of the middle portion of the 


eck of the left femur was made. The fracture was of nineteen months’ duration. 
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The photographs 


six and nine months after operation 
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The patient had been treated in another hospital by a Whitman plaster for 
months, followed by a brace, physiotherapy and later crutches. 


Nonunion resulted. 


On July 19, one incision was made under spinal anesthesia. There was no shock 


requiring treatment. The maximum temperature was 100 F., and the maximum 
pulse rate, 100. Pain was negligible Postoperative treatment consisted of suspen- 
sion in a Thomas splint with mild traction. Exercises were started in one week, 
and the patient began to walk with a leather spica in four weeks. The period of 
hospitalization was forty-eight days. 

In July, 1930, examination showed 100 degrees of flexion, complete extension 
and abduction of 30 degrees. As the patient lives in a distant city, examination 
of the end-results is not complete. 


Comment.—A remarkably good functional and anatomic result was obtained 


in this case in spite of nineteen months’ nonunion.. Roentgenograms demonstrated 


solid bony union, and the photographs showed excellent function. 
Case 19.—E. D., a man, aged 72, with no occupation, was admitted to the 
hospital on June 29, 1929, and discharged on September 4. 


He was injured by a 
fall downstairs. 


A diagnosis of fracture of the middle part of the neck of the 


right femur was made. The duration of the fracture was fourteen days. The 


patient’s general condition was fair. 


Preoperative treatment consisted of suspension in a Thomas splint with trac- 


tion. On July 13, one incision was made under spinal anesthesia. There was no 


shock requiring treatment. The maximum temperature 


was 100 F., and the 
maximum pulse rate, 100. 


The patient was irrational for a week postoperatively, 
owing, it was thought, to cerebral arteriosclerosis. After this, convalescence was 
uneventful. Weight-bearing was begun at the end of the third week with crutches 
and a short plaster spica. The period of hospitalization was sixty-seven days. The 
patient was discharged wearing a short spica and walking with crutches. There 
was flexion of 80 degrees, complete extension and very little motion in rotation. 


In September, 1929, examination showed that the patient could walk with a cane 


without pain, that he toed out, could sit well back in a chair, but could not cross 
his knees while sitting. The right trochanter was one-fourth inch higher than 


the left. The scar was elastic, but not sensitive. Passive motions were as 
follows: permanent external rotation, 20 degrees; external rotation, from 20 to 


25 degrees; abduction, 15 degrees; adduction, 10 degrees; flexion, 85 degrees; 
permanent flexion, 20 degrees. The active motions were the same as the passive. 
In the knee, extension was complete, and there was 70 degrees flexion. Shortening 
of one-half inch and slight atrophy were noted. 

Comment.—A good stable hip was obtained, although there was limitation of 


motion due to hypertrophic changes. Absence of pain was an outstanding feature 


throughout the treatment. Roentgenograms showed bony union but marked hyper- 


trophic changes. 


Case 20.—J. McA., a man, aged 66, a laborer, was admitted to the hospital on 
May 10, 1929, and was discharged on July 30. 


He was injured by a fall down- 
stairs. 


Diagnosis of fracture of the middle part of the neck of the right femur was 
made. The duration of the fracture was twenty-one days. 
of the patient was fair. 


The general condition 
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Preoperative treatment consisted of digitalization and suspension in a Thom: 
splint with light traction. On May 25, one incision was made under spina 
anesthesia. There was no shock requiring treatment. The maximum temperatur: 
was 100 F., and the maximum pulse rate, 100. Pain was negligible. Suspension i; 


a Thomas splint with light traction was used for six weeks, weight-bearing with ; 


plaster spica and crutches for two weeks, then weight-bearing with crutches alon 
There was no pain in the hip, but some in the knee. 





Fig. 28 (case 20).—Roentgenograms taken before operation and three days 
and two months after operation. 





Fig. 29 (case 21).—Roentgenograms taken before operation and three days 
after operation. 


The end-result was not obtained as the patient died on October 23 of cerebral 
hemorrhage. 

Comment.—This patient made an uneventful convalescence and was walking 
well with crutches at the time of discharge from the hospital. Since he died five 
months after operation with no further roentgenogram, the results cannot be 
classified as to success or failure. Roentgenograms taken two months post- 
operatively showed apparent beginning bony union. 

Case 21.—S. R., a woman aged 51, an inmate of the state infirmary, was 
admitted to the hospital on July 14, 1929, and discharged on September 13. She 
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was injured by a fall on a level surface. A diagnosis of fracture of the middle 
portion of the neck of the left femur was made. The fracture was of 
twelve days’ duration. The patient’s general condition was poor. She had cerebral 
spinal syphilis and had been an inmate of the state institution for two years. 
There was a history of “shock” at the age of 41 involving the left side of the face 
and the right arm and the leg. There was still marked weakness of these members. 
The Wassermann tests of the spinal fluid and blood were negative at entry. 


Prior to operation, suspension in a Thomas splint with light traction was used. 
On July 26, one incision was made under spinal anesthesia. There was no shock 
requiring treatment. The temperature was normal until the fifth day postoperatively. 
when it reached 101 F., and on the seventh day, 103 F., due to cystitis. Postopera- 
tive treatment consisted of suspension in a Thomas splint with light traction, and 
then weight-bearing with a short plaster spica four weeks postoperatively. The 
patient was discharged on September 13, after a period of hospitalization of eight 
weeks. At that time the hip was in full extension, with 20 degrees of flexion, 5 
degrees of internal and external rotation, 15 degrees of abduction and 10 degrees of 
adduction. There was no shortening or pain. 


Comment.—The patient was discharged to the state infirmary and was not 


examined again. She died on Jan. 21, 1930, a little over six months after operation. 
The primary cause ot death was “neurosyphilis.” As there was no end-result 
study, or roentgenograms made after discharge, this case has to remain unclassi- 
fied as to success or failure. Postoperative roentgenograms showed good appo- 
sition of the fragments and good position of the nail. 


Case 22—A. C., a woman aged 54, with no occupation, was admitted to the 


hospital on July 18, 1929, and discharged on September 14. She was injured 
by a fall on a level surface. A diagnosis of old, ununited fracture of the middle 
portion of the neck of the left femur was made. The patient fell in December, 1927 
(nineteen months before admission), fracturing the neck of the left femur. She was 


on traction for six weeks, then ambulatory on crutches. Her condition at the time 


of admission was good except for her blood pressure which was 240 systolic and 140 
diastolic. 


Other than general care no specific treatment was given prior to operation. 
On July 25, one incision was made under spinal anesthesia. A nail without 


a 
head was driven through the femoral head from within out. 


The trochanter was 
transplanted downward on the shaft of the femur. There was no shock requiring 
treatment. The maximum temperature was 100 F., and the maximum pulse rate, 
100. Very little pain was experienced. A double plaster spica was used for four 
weeks, followed by a short single spica and weight-bearing with crutches. The 
period of hospitalization was fifty-seven days. 


In November, 1929, examination showed the patient walking with crutches, 
with only a slight limp and no toeing out. She could sit well back in a chair; 
there was no lordosis, but she could not cross her knees while sitting. The scar 
was mobile but not sensitive. Passive motions were as follows: internal rotation, 
trom 5 to 10 degrees; external rotation, from 15 to 20 degrees; abduction, 20 


degrees ; adduction, 15 degrees; flexion, 80 degrees, and hyperextension, 10 degrees. 
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Active motions were: internal rotation, 5 degrees; external rotation, 15 degre: 
abduction, 20 degrees ; adduction, 15 degrees; flexion, 70 degrees; hyperextensi 
10 degrees. In the knee there was: complete extension and flexion to 110 degre 
There was shortening of 2 inches. 


Comment.—This patient was last seen five and one-half months postoperatively 


at which time she was walking with a cane and the hip showed excellent functio: 

The roentgenograms showed no change in the relationship of the fragments, bu 

bony union was not demonstrated. For the past ten months the patient has been 
confined to a psychopathic institution in a distant city, and consequently further 
examination has not been possible. 


Case 23. 
5 


J. C., a woman, aged 67, a housekeeper, was admitted to the hospital 
, 1929, and discharged on November 6. She was injured when she was 
struck by an automobile. 


on Aug. 


A diagnosis of fracture of the middle portion of the 
neck of the right femur was made. The head of the femur was dislocated. The 
fracture was of ten days’ duration. 

The local doctor, who was under the impression that the condition was an 
uncomplicated dislocation of the hip, attempted to reduce it under ether anesthesia, 
but was unable to do so and referred the patient to the Phillips House. On 


August 8, one incision was made under spinal anesthesia. The head of the femur 


The ligamentum teres was com- 
pletely torn, and the capsule was severely lacerated. The head of the femur was 
removed and placed in the acetabulum, and the fracture reduced and fixed with a 
nail. Suspension and light traction were used for four weeks, followed by the use 
of a leather spica with weight-bearing. 
three days. 


was found dislocated and pointing anteriorly. 


The period of hospitalization was ninety- 


In August, 1930, examination showed that the patient walked with a slight 
limp, toed out slightly and sat well back in a chair. She could not cross her 
knees while sitting. There were permanent flexion of 15 degrees, 


permanent 
external rotation of 5 degrees, additional external rotation of 10 degrees and 


motion in flexion of 10 degrees. In other words, the hip was practically stiff. 
Comment.—During her convalescence the patient had a slight temperature of 
unknown origin until undulant fever was discovered. 


Since discharge from the 
hospital, she has been readmitted on two occasions 


for roentgenograms and 
instruction in walking. She has a stable, painless hip, but there is marked 
limitation of motion due to hypertrophic changes, the result of the original severe 
trauma. The roentgenograms showed bony union. 


Case 24.—J. P. R., a man, aged 50, a professor, was admitted to the hospital 
on Aug. 23, 1929, and discharged on November 12. He was injured by a fall on a 
marble floor. A diagnosis of old ununited fracture of the middle part of the 
neck of the femur of the left hip was made. The fracture was of fifteen months’ 
duration. 

The picture was complicated by an extensive poliomyelitis, weakness of the 
knee extensors and absence of the foot extensors on the side of the fracture. The 
patient was treated at another hospital on a Bradford frame with traction. The 
original roentgenograms showed “impacted” fracture. 


At the end of seven weeks, 
the patient was sent home, still recumbent. 


He began getting up in the fall of 
1928, and since then has been walking with two canes. Roentgenograms taken 
fifteen months after injury showed nonunion. 


On August 26, one incision was made under spinal anesthesia. There was quite 
satisfactory reduction considering the marked bone atrophy due to fifteen months 


disuse and poliomyelitis. There was no shock requiring treatment. The maximum 
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temperature was 100 F. Pain was negligible. Suspension with 5 pounds of tra 
tion was used for five weeks after operation, then the patient was allowed to walk 
with a leather spica and crutches. The period of hospitalization was eighty-one 
days. 

In October, 1930 (fourteen months postoperative), examination showed the 
patient to be walking with crutches but bearing almost full weight, without pain 
on the side on which operation had been performed. He could sit well back in a 
chair. Active motions were as follows: complete extension; flexion, 120 degrees: 
adduction, 15 degrees ; abduction, 15 degrees; internal rotation, 10 degrees ; external 
rotation, from 15 to 20 degrees. The passive motions were the same as the active 

Comment.—A particularly good result was obtained in view of the fact that 
there was nonunion of fifteen months’ standing which was also complicated by 
poliomyelitis of the injured extremity. Roentgenograms showed bony bridges 
extending across the line of fracture, but union was not yet complete. 


SUMMARY 

The first twenty-four cases in which this method of treatment was 
used are here reported. In four, no end-result can be recorded for the 
following reasons: 

In case 18 (see case records), the patient was discharged home at 
the end of two months. At that time the roentgenograms showed 
apparent beginning bony union. ‘The patient lived some distance from 
the hospital and was unable to report for examination. At the end of 
five and a half months he died from cerebral hemorrhage. At the time 
of his death he was getting along well, being able to walk with crutches or 
a cane, but since we have no final roentgenograms we cannot classify the 
result as to success or failure. 

In case 21 (see case records), the patient was discharged to the 
state infirmary six weeks after operation. Roentgenograms taken before 


discharge showed good position. The patient died six months postoper- 
atively without any additional roentgenograms being made.  ‘“Neuro- 


syphilis” was the cause of death. Again the available roentgenograms 
were taken too soon after operation to decide the question of bony union. 


In case 22 (see case records), we undertook operation in the face 


of nonunion of two and one-half years’ duration. The operation con- 
sisted in a reconstruction operation, the remains of the head being nailed 
on the shaft. Postoperative roentgenograms showed excellent relation- 
ship of head, shaft and trochanter. When the patient was last seen, 
five and a half months postoperatively, she had excellent function and 
was able to walk even without a cane, but she did use a cane most of the 
time. Roentgenograms five and a half months after operation did not 
clearly demonstrate bony union. The patient is now in an insane asylum 
without equipment for roentgenograms, consequently no end-result can 
he recorded. 
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In case 24 (see case records), operation was undertaken after fifteen 
months of nonunion. Fourteen months have elapsed since operation; 
the patient has excellent function, and the relationship of head and neck 
has not changed. ‘The last roentgenogram showed definite bony bridges 
across the fracture line, but bony union is not as yet complete. We 
consequently prefer to classify this case as a case without an end-result. 

The end-results of the remaining twenty cases are as follows: bony 
union, fifteen (75 per cent) ; nonunion, three (15 per cent), and deaths 
(from sepsis), two (10 per cent). 

In the fifteen cases of bony union there was not only bony union 
but excellent functional results. In some of these cases, there is a cer- 
tain amount of discomfort and stiffness because of hypertrophic changes. 
Two patients have marked limitation of motion (see reports of cases 
20 and 23). The hypertrophic changes have been demonstrated by 
roentgenogram from the first and are interpreted as due to the original 
trauma causing the fracture. 

The three cases of nonunion occurred during the first two vears 
when the technic of the operation had not been developed to its present 
stage and when the efficiency of the method had not been definitely 
proved. 

In case 3 (see case records), nonunion occurred in a woman of 60. 
\nalyzing the postoperative roentgenograms, we find that the nail did 
not sufficiently penetrate the head. Furthermore, there was no evidence 
of impaction. Both of these errors have been eliminated in later cases. 

In case + (see case records), the nail was removed three months aiter 
it was inserted. The roentgenogram was responsible for the removal of 
this nail. It showed the nail in close proximity to the joint surface, and 
it was feared that damage might come to the joint if the nail were left 
in. There had been no evidence of absorption about the nail, and the 
apposition of the fragments was excellent. If our experience had been 
more extensive, the nail would not have been extracted, and the fracture 
would probably have gone on to bony union; but, because of our lack of 
experience, we did not have the courage to leave the nail in. After 
removal of the nail, nonunion occurred. 

In case 8 (see case records), postoperative roentgenograms showed 
absence of impaction but good relation of the fragments. At the time 
of operation the direction of the nail had to be altered. This additional 
trauma may have interfered with circulation sufficiently to account for 
nonunion. Other cases in which this error in technic was present have, 
however, gone on to union. In this particular case the neck was absorbed 
and nonunion resulted. Six months after the first operation, the nail 
was removed and a Whitman reconstruction performed. The patient 


has now a very good result from this procedure, but pain is present and 
she uses a cane. 
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There have been no immediate postoperative deaths in this series 
but two patients died of sepsis. In case 9 (see case records), the 
patient did extremely well after the operation. She was 80 years old 
the oldest patient in the series. For three weeks she had a normal 
temperature, but at the end of this time a superficial stitch abscess devel- 
oped. Her resistance to sepsis was evidently low, for at the time of her 
death, one hundred and five days after operation, the infection had 
extended to her hip joint. 

In case 15 (see case records), infection was in all probability hema- 
togenous in origin. On the morning of the operation the patient had 
a temperature of 102.8 F. which was not called to the attention of the 


surgeon. This temperature was evidence of a general infection, which 
in the presence of the operative procedure produced local sepsis. 


Our experience emphasizes the fact that older patients have a low 
ered resistance to infection and consequently every precaution must be 
taken to avoid sepsis. A hematoma is ideal soil for bacterial growth; 
consequently, hemostasis should be as nearly perfect as possible. This 
is a particularly important point when spinal anesthesia is used. With 
this type of anesthesia we have a temporary drop in blood pressure, and 
as a consequence bleeding is reduced to a minimum during the operation. 
When the blood pressure rises postoperatively, there is apt to be con- 
siderable oozing, resulting in a hematoma. To prevent this from hap- 
pening, a compression spica is helpful. 

Aseptic technic cannot be sufficiently emphasized in these cases. An 
unaccounted for temperature following any operation on the hip 
demands early exploration of the wound in the operating room. 


The age of the patients was as follows: 


20 to 30 years 

30 to 40 years 

ff eS eee errr Ty rere er 
50 to 60 

60 to 70 

70 to 80 

80 to 


Total 


It is interesting to see from these statistics that the majority of the 
patients were between 50 and 70 years of age. 

In four of the twenty-four cases nonunion was of longstanding, 
as follows: one case, ten months; one case, fifteen months; one case, 
nineteen months, and one case, two and one-half years. 
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In three of these cases of nonunion, bony union was obtained. In 
the fourth case, that of two and one-half years’ duration, there was an 
excellent functional result when the patient was last seen, five and a 
half months after operation, but the bony union was questionable. This 
is one of the cases classified as having no end-result. The fact that 
bony union has been achieved in these cases of nonunion of long dura- 
tion speaks well for the method. 


CONCLUSIONS 


In the treatment for joint fractures, anatomic reduction and early 
function are the two outstanding principles. Heretofore, the different 
methods of treatment for fractures of the neck of the femur have accom- 
plished but one of these. Anatomic reduction has been achieved in the 
majority of cases, but early function has been impossible. The internal 
fixation of the fracture brought about by the three-flanged nail is abso- 
lute in all directions. Furthermore, it is a sustained fixation as well. 


Because of this absolute, sustained fixation, postoperative immobili- 
zation is eliminated and early function is made possible. Early function 


means better chance of bony union and better ultimate function. 





MEDIASTINAL EMPHYSEMA * 
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Consequences of Increased Mediastinal Pressure 
Effect on the Heart and Large Blood Vessels 
Effect on the Trachea, Bronchi and Lungs 
Effect on the Vagosympathetic Plexuses 
Mechanism of Production and Report of Cases 
Rupture of the Alveoli Without Injury to the Visceral Pleura 
Trauma 
Crushing Blows to the Chest Without Injury to the Wall of the Chest 
Resuscitation of the New-Born 
Expulsive Efforts During Labor 
Accidents During Birth 
Disease 
Rupture of Lung and Visceral Pleura-Tension Pneumothorax 
Trauma 
Crushing Blows to the Chest With or Without Injury to the Thoracic 
Wall 
Perforation of the Lung by Foreign Bodies 
Operative Wounds of the Lung 
Disease 
Artificial Pneumothorax 
Injury to the Upper Air Passages 
Operations in the Pleural Cavity Without Injury to the Lung 
Sources of Mediastinal Air Other Than the Respiratory Apparatus 
Operations at the Base of the Neck 
Open Wound of the Diaphragm 
Rupture of the Esophagus 
Open Wound of the Intestinal Tract 
Treatment 
Summary and Conclusions 


Mediastinal emphysema occurs much more frequently than the 
available literature leads one to believe. There are only a few cases 
reported in the English literature, and in these reports the signifi- 
cance of the complication is not emphasized. It is a complication that 
may present itself in a great variety of diseases. The mechanisms of 
production are numerous, but the symptoms produced are constant and 
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significant. Many cases end fatally, the real cause of the severe 
symptoms often being obscure until revealed at autopsy. In some 
instances death can be avoided by early recognition of the condition 
and by the application of suitable treatment. 

The clinical picture of mediastinal emphysema seems to be dependent 
on the effects of increased mediastinal pressure. Slight variations in 
the picture are probably due to nervous reflex impulses having their 
origin in the vagosympathetic plexuses. This point, however, requires 
further experimental evidence. 

The cases .herein reported demonstrate some of the various cir- 
cumstances under which mediastinal emphysema can occur. One unusual 
case is reported—the result of an accident occurring during an operation 
on the upper part of the abdomen. I was not able to find another such 
case reported in the literature. 


CONSEQUENCES OF INCREASED MEDIASTINAL PRESSURE 
The term “mediastinal pressure” as used here refers to a diffuse 
pressure and not to localized pressure such as is caused by hemorrhage, 
abscesses, etc. A review of the reported experimental work and clinical 
cases, along with a study of some cases occurring in this hospital, has 
indicated that the effects of mediastinal emphysema are the result of 
increased mediastinal pressure. 


EFFECT ON THE HEART AND LARGE BLOOD VESSELS 

Jehn and Nissen’? have shown that there are no noticeable outward 
changes until the intramediastinal pressure reaches about zero. After 
the pressure reaches zero, changes do occur and progress rapidly, 
depending on the amount of pressure and the rapidity of increase. The 
first change noted is that respiration becomes shallow and _ slightly 
quickened. Soon afterward there is a drop in blood pressure. They 
stated that any increase in mediastinal pressure can take place only by 
compression of some other intrathoracic structure. The elastic, easily 
compressed systemic and pulmonary venous walls are then the first to 
be affected. By compression of the systemic veins, the flow of blood to 
the right auricle is diminished. At the same time compression of the 
pulmonary veins diminishes the flow to the left auricle, thus producing 
congestion of the peripheral veins and congestion of the lungs. They 
found that by the injection of air it was possible to increase the medias- 
tinal pressure from the normal minus 4 to plus 35 mm. of water and 
to get extreme changes in the animal; marked dilatation of the periph- 


eral veins, severe dyspnea, a marked drop in blood pressure and 


1. Jehn, W., and Nissen, R.: Pathologie und Klinik des Mediastinalemphy- 
sems, Deutsche Ztschr. f. Chir. 206:221, 1927. 
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pulmonary congestion. Yet recovery took place if the injection was 
stopped. When more air was injected and death occurred, they found 
a constant picture at autopsy. The large veins were “pressed together” 
and surrounded with large bubbles of air. The loose areolar tissue of 
the mediastinum was greatly distended with air. The systemic veins 
were greatly engorged beyond the place where they enter the medias- 
tinum. Changes were not noted in the contour of the arteries or of 
the trachea. 

From a series of experiments, Achard* reported that many times, 
when air was injected into the mediastinum, large collections were found 
over the anterior surface of the pericardium. This, by its location and 
volume, considerably restricts the contractions of the heart as would a 
pericardial effusion. 

Jehn * reported a case which at autopsy revealed the heart compressed 
to such a degree that it contained no blood. The arteries and veins were 
empty ; only the large veins of the body and the pulmonary veins within 
the lungs contained blood. These were greatly dilated with very dark 
blood. 

EFFECT ON THE TRACHEA, BRONCHI AND LUNGS 

According to Jehn and Nissen,’ the changes in blood pressure are 
due to several factors. The initial fall in blood pressure is due to 
diminished filling of the left auricle, because the pulmonary veins are 
the first to be compressed. The secondary rise in blood pressure is 
temporary and due to increased respiratory efforts. When still more 
air is injected, there is a constant and characteristic drop in blood 
pressure, and an increase in pulse rate, because the vena cava is now 
compressed, and filling of the right auricle is hindered. 

They stated that pulmonary congestion is an early finding in medias- 
tinal emphysema, for the reason that air first collects in the niche of the 
aortic arch. The aorta is pushed to the left, thus making definite com- 
pression at the confluence of the pulmonary veins. Compression takes 
place here before any noticeable changes take place in the systemic 


veins; therefore, dyspnea is seen early. Dyspnea is caused by con- 


gestion and not by tracheal or bronchial compression. Even a high 
grade of mediastinal pressure does not compress the trachea. 

Ballon and Francis * were able to show essentially the same effects 
of increased mediastinal pressure by the use of a rubber balloon placed 


2. Achard, C.: Etude expérimentale de l'emphyséme du médiastin, Bull. Acad. 
de méd., Paris 80:609, 1918. 

3. Jehn, W.: Ein Beitrag zur Klinik und Pathologie des Mediastina- 
Emphysems, Deutsche Ztschr. f. Chir. 140:398, 1917. 

4. Ballon, H. C., and Francis, B. F.: Consequences of Variations in Medias- 
tinal Pressure: Mediastinal and Subcutaneous Emphysema, Arch. Surg. 19:1627 
(Dec.) 1929. 
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in the mediastinum. It was so arranged that they were able to inject 
or withdraw air at will. When air was injected, they recorded a marked 
drop in blood pressure and a decrease in respiratory amplitude. When 
the air was removed, both the blood pressure and the respiration quickly 
returned to normal. The arrest of respiration was here due to localized 
pressure on the trachea. In one instance, a rent occurred in the balloon 
and free air escaped into the tissue, with death to the animal. The 
observations at autopsy were essentially the same as those already 
mentioned. 
EFFECT ON THE VAGOSYMPATHETIC PLEXUSES 

It is possible that the increase in pressure may have some effect on 
the vagosympathetic nerve plexuses. Riedinger ® has shown that blows 
on the chest are followed by a fall in blood pressure in the carotids. 
The resulting disturbance in the circulation of the brain caused the 
respirations to become short and frequent. If the vagi were cut before 
the blows, the blood pressure did not fall. Breathing, however, became 
slow and deep, but after the cervical sympathetics were cut it became 
short and frequent. 


MECHANISM OF PRODUCTION AND REPORT OF CASES 

Air in an amount sufficient to cause an increase in mediastinal pres- 
sure can reach the mediastinum only by certain pathways. In the order 
of their frequency, these pathways are: (1) the pulmonary interstitial 
tissue, extending along the peribronchial and perivascular connective 
tissue to the hilus, thence diffusing into the loose areolar tissue of the 
mediastinum; (2) extension of a subcutaneous emphysema along the 
endothoracic fascia or the deep fascia at the jugulum; (3) the direct 


sucking of atmospheric air through wounds in the superior and inferior 
apertures of the thorax; (4) injury of the trachea and main bronchi 
whereby air is blown directly into the mediastinum; (5) openings in the 


mediastinal pleura so that air produced by pneumothorax is admitted, 
and (6) extension of retroperitoneal emphysema through the crus of 
the diaphragm. 

When there is an infection of the tissues by gas-forming organisms, 
the gas may reach the mediastinum along one of the foregoing path- 
ways. 

Air may escape from the mediastinum in two ways: 1. It may be 
forced out through the diaphragm by following the tissues surrounding 
the aorta, thus forming a retroperitoneal emphysema which is most 
marked in the perirenal fat. 2. It may be forced out at the jugulum 
and produce a more or less widespread subcutaneous emphysema. A 

5. Riedinger, F.: Concussion of the Chest, in Bergman and Bull: A System 
of Practical Surgery, Philadelphia, Lea Brothers, 1904, vol. 11, p. 371. 
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large quantity of air may remain in the mediastinum and not escape 
to other tissues, but usually some subcutaneous emphysema is present. 
If emphysema of the soft parts is present, it has several meanings: 

1. Emphysema of the soft parts is seen in cases of simple fracture of 
the ribs with puncture of the lung, the air from the pleural cavity being 
forced into the soft tissues at the site of the injury to the parietal pleura. 
In these cases the emphysema is of little importance. 


2. It is seen when a pneumothorax is formed by a perforating wound 


of the wall of the chest and atmospheric air passes into the pleural cavity 


and out into the intermuscular planes and subcutaneous tissues. 
itself this type of emphysema is not grave. 


In 


3. When emphysema of the skin accompanies an increasing tension 
pneumothorax, with injury of the wall of the chest, and is becoming 
widespread, it can be of great importance, because eventually air will 
reach the mediastinum along fascial planes, the endothoracic fascia or 
the deep fascia of the neck. 

4. When it is present in cases of rupture of the lungs with the wall 
of the chest intact, it has a definite meaning. The air can have reached 
the subcutaneous tissues only by way of the mediastinum. 

5. Should there be emphysema of the soft parts without pneumo- 
thorax or rupture of the lung, it may be supposed that there has been 
a subpleural rupture of the alveoli. 


RUPTURE OF THE ALVEOLI WITHOUT INJURY TO THE 
VISCERAL PLEURA 

I’xtravasated air in the pulmonary interstitial tissue always results 
from the opening of bronchi or of alveoli. Subpleural rupture of the 
alveoli may take place to such a degree that there is an escape of air 
sufficient to reach the mediastinum. ‘The rupturing occurs as a result 
of either a sudden increase of pressure within the alveoli, or else by a 
weakening of the alveolar wall. Kelman * has demonstrated this experi- 
mentally. By introducing a cannula connected to a bicycle pump into 
the trachea of rabbits and thus suddenly increasing the intrapulmonary 
pressure, she produced a mediastinal emphysema without pneumothorax. 
Sections of the lung revealed ruptures of many of the alveolar walls 
and distention of the interstitial tissue with air. She was able to 
observe grossly that air collected in the peribronchial and perivascular 
tissue and that it bubbled out at the hilus. Furthermore, she was able 
to show that if rabbits were inoculated with the virus obtained from 


6, 


Kelman, S. R.: Experimental Emphysema, Arch. Int. Med. 24:332 ( Sept.) 
1919. 
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cultures of bacteria taken from patients with influenza, the alveolar 
walls became friable and burst more readily. 

Trauma.—Crushing Blows to the Chest Without Injury to the Wall 
of the Chest: An acute increase in intra-alveolar pressure may take 
place if the wall of the chest is suddenly compressed at a moment when 
there is obstruction to expiration, as when the glottis is closed or a 
foreign body is present. A muscular straining effort or a spasm of 
coughing acts in the same manner. It may be assumed that rupture 
could result from too great positive pressure inhalations when employed 
to inflate a collapsed lung. 

The following case from the literature exemplifies the foregoing 
type of trauma. 

Bisshopp* reported the case of a child, aged 4+ years, who was run 
over by a cart, the wheel passing over the chest. There was immediate 
emphysema of the neck and face which rapidly spread over the entire 
body. The child was markedly cyanotic and dyspneic. The veins of 
the neck were greatly distended; the pulse was imperceptible. There 
was no evidence of fractured ribs or pneumothorax. Multiple incisions 
were made about the neck and upper part of the chest, and air escaped 
with a hiss. Improvement was prompt, and recovery took place. It 
was assumed that there was a subpleural rupture of many alveoh, and 
emphysema resulted from the extension of air along the bronchi to 
the mediastinum, thence to the subcutaneous tissue at the jugulum. 

Resuscitation of the New-Born: Poeck* reported two cases of 
asphyxia in new-born infants. Artificial respiration was given, and the 
infants were made to breathe, but soon a generalized emphysema 
appeared and death followed. Autopsy revealed many subpleural blebs, 
marked interstitial emphysema of the lungs and large collections of air 
in the mediastinum. The findings were explained by the fact that when 
artificial respiration was being employed, the lungs were squeezed at 
a time when the upper air passages were plugged with meconium, thus 
obstructing the outflow of air. Rupture of many alveoli resulted. 
When the infants started breathing, air continued to be extravasated 
into the interstitial tissues and thence to the mediastinum. 

Expulsive Efforts During Labor: Klots ® described four cases that 
occurred during labor. They all developed during the second stage 
of hard labor, with either a large baby or a contracted pelvis. Diag- 

7. Bisshopp: Extensive Emphysema from Passage of Cartwheel Over Thorax, 
Brit. M. J. 1:163, 1884. 

8. Quoted by Stransky, E.: Beitrage zur Klinik des mediastinalen Emphysems 
durch Alveolarruptur im Sauglingsalter, Monatschr. f. Kinderh. 39:104, 1928. 

9. Klots, P. S.: Emphysema subcutaneum wahrend des Gebaractes-Ent- 
standen, Ztschr. f. Geburtsh. u. Gynak. 41:357, 1899. 
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nosis was made from the appearance of subcutaneous emphysema ai 
the jugulum. The symptoms were mild, and recovery took place in 
all cases. The development of emphysema was explained by the fact 
that in order to bear down in an expulsive effort a deep breath was 
taken, the glottis closed, and thus the air in the lungs was put under 
great pressure. The alveoli burst and air escaped. 

Jehn and Nissen* observed the same process in a patient following 
an unquiet narcosis, and also in the case of a schizophrenic patient at 
the beginning of an excited state. 


Accidents During Birth: Kirschgessner * saw subcutaneous emphy- 


sema in a new-born infant who, on account of a prolapse of the cord, 
was delivered by version. The infant was asphyxiated, but was eventually 
made to breathe. After it began to breathe, an emphysematous lump 
was seen at the base of the neck. ‘The lump gradually receded and 
disappeared. The author explained the process as follows: First there 
was intra-uterine breathing, and then air was shut off during delivery. 
On acccount of the increased pressure in the lungs brought about by 
compression of the chest in the birth canal, an alveolar rupture occurred. 

Disease —Stransky,'® Levi and Catillon,’ Zarfl,"* Ozanam,’* Berkley 
and Coffen,’* Clark and Synnot '* and Wassermann'*® have reported 
cases of mediastinal emphysema resulting from whooping cough, 
bronchopneumonia, influenza and diphtheria. The act of coughing is 
said to be the factor causing alveolar rupture in all these cases. After 
rupture has occurred, further coughing tends to drive more air into 
the interstitial substance and thus increases the degree of emphysema. 

Kelman,® in discussing a group of cases occurring during the 
epidemic of influenza of 1918, stated that alveolar rupture was partially 
due to the toxic effects of the infection, chiefly friability of the 
alveolar walls. 

Gehrt '® reported four cases resulting from influenza in children. 
He also described a weakness of the alveolar walls which was due to 

10. Stransky, E.: Beitrage zur Klinik des mediastinalen Emphysems durch 
Alveolarruptur im Sauglingsalter, Monatschr. f. Kinderh. 39:104, 1928. 

11. Zarfl, M.: Akutes mediastinales Zellgewebsemphysem und Hautemphysem 


? 


bei einem 3 Monate alten Saugling, Mitt. d. Gesellsch. f. inn. Med. u. Kinderh. 
4:65, 1914. 

12. Ozanam, C.: De la rupture pulmonaire chez les enfants, et de l’emphyséme 
general qui lui succéde, Arch. gén. d. méd. 3:31, 1854. 

13. Berkley, H. K., and Coffen, T. H.: Generalized Interstitial Emphysema and 
Spontaneous Pneumothorax, J. A. M. A. 72:535 (Feb. 22) 1919, 

14. Clark, E., and Synnot, M.: Influenza-Pneumonia Cases Showing Gas in 
Fascial Tissues, Am. J. M. Sc. 158:219, 1919. 

15. Wassermann, S.: Das mediastinale Emphysem, Wien. klin. Wehnschr. 33: 
122, 1920. 


16. Gehrt, J.: Hautemphysem und Stenose bei Grippe, Deutsche med. Wcehn- 
schr. 46:1052, 1920. 
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bacterial toxins. He stated that in one case there was a severe tracheitis, 
the process extending into the bronchioles to such a degree that 
respiration was very difficult. In this case he thought that the alveolar 
rupture was due to the forced expiration. 

Boehme '? observed the actual appearance of an emphysematous 
lump at the jugulum of an 18 months old child. The child had had 
bronchial pneumonia and was well on the road to recovery, when it 
was seized with a violent attack of coughing. Ten minutes later the 
lump appeared at the jugulum. Emphysema spread from this point 
and varied with. the amount of coughing. By the free administration 
of sedatives to quiet the respiration, grave symptoms were averted, and 
gradual recovery took place. The explanation made was that there 
was a rupture of a bronchiole during the spasm of coughing. 

Galliard** reported a case in which emphysema developed in a 
patient with cholera. Before the emphysema appeared, the patient was 
already dyspneic. Death resulted, and at necropsy a marked medias- 
tinal emphysema was found. A definite place in the right lung was 
found where the alveoli had burst, causing the condition. In a dis- 
cussion of the case, it was stated that the mediastinal emphysema had 
resulted from the dyspnea and was not the cause of it. 


RUPTURE OF THE LUNG AND VISCERAL PLEURA-TENSION 
PNEUMOTHORAX 
Mediastinal emphysema may follow the entrance of air from a 
pneumothorax into the pulmonary interstitial tissue through a tear in 
the visceral pleura. When this happens, the course of the air is through 
the interstitial tissue to the hilus. It is possible that this air may extend 


along the main bronchi to the hilus of the opposite lung and spread 


peripherally to produce an interstitial emphysema of that lung. Then 
when a rupture of a subpleural bleb occurs, a contralateral pneumo- 
thorax results. The spread of the air in these cases is dependent not 
only on the tension but also on the continued escape of air from the 
pleural cavity into the extracostal tissue. As long as the tension can 
be kept at a minimum by the air infiltrating the subcutaneous tissue, it 
is not so likely to extend back through the lung. Another way by which 
tension pneumothorax air can reach the mediastinum is by breaking 
through the pleural reflexion at the hilus; or the air from the pleural 
cavity may be forced through a laceration in the parietal pleura and 
then along the endothoracic fascia to the mediastinum. 


17. Boehme, G. F.: A Case of True Mediastinal Emphysema, Med. Rec. 95: 
1052, 1919. 
18. Galliard, M. L.: L’emphyséme du médiastin, Bull. et mém. Soc. méd. d. 
hop. de Paris, 1893, p. 199. 
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Trauma.—Crushing Blows on the Chest With or Without Injury to 
the Thoracic Wall: Trauma of this type may produce a rupture of th« 
lung. When there is injury to the wall of the chest, namely, fracture 
of the ribs, the possibility of the lung being lacerated by a fragment of 
the rib is evident. However, Sauerbruch ’® has shown that a rupture 
of the lung can result from crushing blows to the chest without fracture 
of the ribs. He was able to demonstrate this experimentally. After 
constricting the trachea of dogs, he placed a board across the chest and 
applied a sudden force. He found that rupture occurred at the point 
where the force was applied as well as in distant portions of the lung. 
He believed that the same thing happened in accidents to human beings. 
As a protective mechanism, the glottis closes at the end of inspiration; 
then pressure is suddenly applied to the chest, and the lung bursts. 
Sauerbruch believes that the accident is more common in children 
because of the great flexibility of the ribs. 

Nissen *” reported the case of a 9 year old girl who was run over by a 
truck. When first seen she had a marked subcutaneous emphysema 
over the entire body, more marked about the face and the neck. The 
symptoms were most distressing: decided cyanosis, dilatation of the 
superficial veins and rapid and irregular pulse. Tension pneumothorax 
was present on the left side; the pressures were + 13 and + 16 mm. 
of water. A valve drain was put in to relieve the tension, without a 
change in the condition. It was evident that something must be done to 
relieve the mediastinal pressure. An incision was made at the jugulum, 
and a finger was inserted into the upper part of the mediastinum. Air 
escaped with a hissing noise. Instantly the child’s condition changed 
for the better. The valve drain was left in place, and the child recovered. 
As there was no fracture of the rib, the author assumed that there was 
a tear of a bronchus near the hilus brought about in the manner 
described by Sauerbruch.'® 

Sauerbruch ** reported the case of a man, aged 22, who was injured 
in an automobile accident. He was first seen shortly following the 
accident and was in a critical condition. His appearance was typical 
of that caused by mediastinal pressure. The second and third ribs were 
fractured anteriorly. Operation was performed in a negative pressure 
chamber at — 7 mm. of water. When the thorax was opened, the 
operator made the following interesting observations: “The collapsed 


lung was found lying against the mediastinum which was blown up 
like a cushion. The vena cava was seen to be as large as a child’s 


19. Sauerbruch, F.: Die Bedeutung des mediastinal Emphysems in der 
Pathologie Spannungspneumothorax, Beitr. z. klin. Chir. 60:450, 1908. 

20. Nissen, R.: Die chirurgische Behandlung des bedrohlichen Mediastinal- 
emphysems, Zentralbl. f. Chir. 57:1023 (April 26) 1930. 
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arm, the azygos vein as large as a man’s thumb. Upon incision of the 
mediastinal tissue the air escaped and the mediastinum assumed its 
normal proportions.” <A tear in the lung caused by a fragment of rib 
was repaired. The patient’s condition rapidly improved, but three hours 
later all symptoms reappeared and death followed. Autopsy revealed 
a recurrence of the mediastinal emphysema, due to an imperfect 
closure of the wound in the lung. 

An unusual point is brought out by Haim *! in a case in which death 
occurred three hours following an accident. Autopsy revealed a fracture 
of the seventh rib on the left, a fragment of which had punctured the 
left lung. There were a pneumothorax and a marked interstitial 
emphysema of the lung on the left side. On the right side, there was 
a partial pneumothorax without gross evidence of rupture of the lung. 
Haim ** stated that the emphysema spread from the left lung into the 
mediastinum at the hilus, thence across into the hilus of the opposite lung. 
The extension continued to the periphery, where a subpleural bleb 
ruptured, producing a contralateral pneumothorax. 

Baranger ** described a case of rupture of the lung subsequent to 
fracture of the rib. Tension pneumothorax developed, and later signs 
of a mediastinal emphysema were evident. The mediastinum was opened 
at the jugulum, and a large amount of air escaped; a drain was left in 
the wound. The patient fully recovered. 

In all of these cases air was presumably forced through the lung 
to the mediastinum. 

Tiegel ** reported the case of a man who had been struck with a 
heavy rod on the right shoulder. There were fractures of the third 
to the seventh ribs. Severe subcutaneous emphysema was present over 
the back, shoulders, neck and chest. At first the patient’s condition 
was not alarming, but later the emphysema of the neck became extreme 
and his condition suddenly became grave. As it was thought that the 
emphysema had extended into the mediastinum at the jugulum, an 


incision was made in the neck. A suction cup attached to a water pump 
was applied to the wound. The results were immediate and excellent. 
Suction was maintained for several days, and the patient completely 
recovered. In this case it was thought that the air escaped from the 
wound in the parietal pleura and after distending the muscular structures 
of the back and neck it spread along fascial planes to enter the medias- 
tinum at the jugulum. 


21. Haim, E.: Ueber penetrierende Thoraxverletzungen, Deutsche Ztschr. f. 
Chir. 79:269, 1905. 
22. Baranger, M.: Un cas d’emphyséme médiastinal traumatique, Bull. et 


mém. Soc. nat. de chir. 52:1243, 1920. 
23. Tiegel, M.: Ein einfaches Verfahren zur Bekampfung des Mediastinal- 
Emphysems, Zentralbl. f. Chir. 38:420, 1911. 
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The succeeding two cases occurred in this hospital. 


Case 1.—A white man, aged 54, was admitted to the hospital on Nov. 10, 
1929, twelve hours following an automobile accident. Examination revealed that 
the patient was in considerable pain, which was made worse by respiratory 
movements. There was no cyanosis, and he was not dyspneic. There was sub- 
cutaneous emphysema over the entire chest, more marked on the left side. Signs 
of a left pneumothorax were present. Roentgen examination revealed pneumo- 
thorax on that side and fractures of the left clavicle and of the second to the 
sixth ribs posteriorly. The patient was put to bed, and sufficient narcotics were 


administered to keep him comfortable. There was little change in his condition 











Fig. 1 (case 1).—Emphysema of the soft parts of the wall of the chest 
accounts for the extracostal blotchy shadows, and the radiating shadows in the 
pectoral regions are due to collections of air in the bundles of muscle fibers. 
There may be seen fractures of the left second to the seventh ribs at their angles. 
Pneumothorax is apparent on the left side. The mediastinal shadow is definitely 
widened, and its lateral borders are irregular. Light streaks, presumably air, may 
be seen running vertically through the dark shadow of the upper part of the 
mediastinum. 


during the night and the following day. Early on the night of November 11 
there was a definite change in the general condition. The patient became restless, 
dyspneic and cyanotic. The pulse rate was 120; the respiratory rate, 38. The 
subcutaneous emphysema was now seen to be decidedly increasing, and a large 
crepitant lump was felt and seen at the jugulum. Three hours later the dyspnea 
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had become more marked, and the general condition was quite alarming. As 
tension pneumothorax was now evident, a needle was inserted into the left pleural 
cavity. The initial pressures were + 16 and + 4. Large amounts of air were 
repeatedly aspirated during the next twelve hours, with little alteration in the 
patient’s condition, The emphysema continued to spread, the cyanosis increased, 
and the dyspnea became more marked; death occurred early on the morning of 
November 13. 

Autopsy showed the anterior mediastinum to be markedly distended with air. 
The left pleural cavity contained a large amount of air and a moderate amount 
of serum. The left lung was collapsed but was held to the lateral wall of the 
chest at one point by adhesions. There was a rent in the lung caused by a 
spicule of bone from the fracture of the seventh rib. The interstitial tissue of 
the left lung was markedly distended with air. The right lung was normal except 
for a pronounced venous congestion. 


It is believed that in this case air from a pneumothorax first escaped 
into the subcutaneous tissue. Late in the second day the patient’s con- 
dition became serious when presumably a tension pneumothorax devel- 
oped and air began to infiltrate the ruptured lung and extend to the 
mediastinum. This was evidenced by the appearance of the emphysema 
at the jugulum coincident with the patient’s change for the worse. 


Case 2.—A white man, aged 47, was admitted to the hospital on Dec. 14, 1928, 
following an automobile accident. When first seen, he was in a dying condition. 
The entire chest was tympanitic to percussion and was distended far beyond its 
normal size by subcutaneous emphysema. Dyspnea was extreme. Roentgen 
examination revealed multiple fractures of the second to the seventh left ribs, 
inclusive; the heart and mediastinum were shifted to the right. An attempt was 
made to decompress the tension pneumothorax, but on the insertion of the needle 
respiration ceased. 

Autopsy showed both lungs to be widely separated in the anterior medias- 
tinum by the distended air-containing mediastinal tissue. The left pleural cavity 
contained a large amount of air and a small amount of bloody fluid. The left 
lung was atelectatic and dull purple, with two puncture wounds in the upper lobe. 
The lower lobe was extremely congested and contained two puncture wounds. The 
right pleural cavity contained a small amount of air. The right lung was markedly 
congested, without gross evidence of rupture. Both lungs showed interstitial 
emphysema. 


This case demonstrates the point shown by Haim.** There were 
injury to one lung and a tension pneumothorax on that side, with 
interstitial emphysema of both lungs and a partial pneumothorax on 
the opposite side without gross evidence of rupture of this lung or of 
a tear across the mediastinum to account for the escape of air into the 
pleural cavity. 

Perforation of the Lung by Foreign Bodies: Perforation of the 
lung by bullets, daggers, etc., as well as by fractured ribs in which the 
iracture is compound, differs from that described only in that there 


is a communication between the pleural cavity and the atmospheric air. 
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As a result of the perforation of the wall of the chest, a tension may 
result from a sucking of air at this point. 

During the World War, Jehn* recorded the case of a German 
infantryman who was wounded in the side of the chest by a piece of 
stone that was blown into the lung. 


He was first seen twelve hours 
following injury, with an extensive emphysema of the neck, chest and 


head. There were no serious respiratory or cardiac symptoms. Twelve 
hours later the clinical picture suddenly changed, and mediastinal 











Fig. 2 (case 2).—There is marked emphysema of the soft parts of the wall of 
the chest and the neck. Fractures of the second to the seventh ribs posteriorly 
are seen. There are a definite pneumothorax on the left side and a partial one on 
the right. The heart has been decidedly shifted to the right. The vertical streaks 
seen just lateral to the vertebral column are probably the collections of air 
between the parietal pleura and the bodies of the vertebrae. 


emphysema was suspected. An incision was made at the base of the 
neck, and there was an escape of a large amount of air which temporarily 
relieved the patient, but death soon followed. Autopsy revealed a 
much distended mediastinum and dilated peripheral veins. The injured 
left lung had a lacerated tract leading to the lower lobe and contained 
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much destroyed tissue and coagulated blood. In the center of the mass 
of lacerated tissue and blood clot was found the open stump of a large 
bronchus, which had been severed by the bit of stone. At first the air 
from this open bronchus was blown out through the pathway made by 
the missile, but after coagulation had closed this pathway, the escaping 


air passed through the peribronchial tissue to the hilus. The author 


stated that the rapid spread of air to the mediastinum accounted for 
the patient’s sudden death. 


Operative Wounds of the Lung—These wounds provide yet 
another possibility. Sauerbruch*® observed a case in which, following 
lobectomy and ligation of the large bronchi, a bronchus reopened 
secondarily and retracted into the hilus. Air was blown directly into 
the mediastinum. 


Case 3.—A white girl, aged 7 years, was admitted to the hospital with an 
abscess of the right lung. She appeared to be very ill. 


The white blood count 
was 27,000; the temperature was 104 F. 


Roentgen examination showed a cir- 
cumscribed area of density in the lower part of the upper lobe of the right lung. 
On Nov. 9, 1930, a first stage operation for drainage was performed. 


The post- 
operative condition was satisfactory. 


On November 15, a second stage operation 
was done. The pleurae were found adherent. A finger was inserted into the 
abscess cavity, which was found to be about 8 cm. in diameter and to lie against 
the angles of the ribs. The cavity communicated with a large bronchus. In order 
to make the drainage more complete, a section of the sixth rib was resected at 
its angle, and the pleura were incised. Adhesions had not formed at this point, 
and when air was admitted to the pleural cavity, the lower lobe of the lung was 
seen to move violently with respiration. The abscess cavity was opened pos- 
teriorly, and the lung was then inflated with positive pressure. A gauze pack 
was introduced to occlude the posterior operative wound, its anterior end being 
brought out at the axillary wound. Both wounds were closed tightly. Before 
the patient left the operating room, there was considerable emphysema around the 
posterior wound. For the first eight hours the patient’s condition was not 
alarming ; the emphysema spread very little. Early the same night the emphysema 
began to spread, and the anterior regions of the neck became greatly distended. 
The patient became cyanotic; the respirations were rapid and heaving, and the 
pulse rate increased. Oxygen did not relieve the cyanosis. The patient died early 
on the morning of November 16. Permission for necropsy was not obtained. 

It is assumed that the air from the open bronchus in the abscess cavity 
gradually forced its way into the extracostal soft parts. 


This in itself caused 
the patient no serious trouble. 


As the posterior wound was close to the medias- 
tinum, the air gradually found its way along the endothoracic fascia and entered 
the mediastinal tissue. This was evidenced by the appearance of the discrete 
emphysematous lump at the jugulum. When the air appeared at the base of the 
neck, the patient’s condition became serious and death soon followed. 


Disease —The most frequent causes of spontaneous tension pneumo- 
thorax are rupture of tuberculous cavities, emphysematous blebs and 
nontuberculous suppurative tissue. 
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Pick ** reported a case of cavernous pulmonary tuberculosis in whic! 
the patient received treatment by artificial pneumothorax. On one occa 
sion an accident occurred during the administration of air. Death was th« 


result. At autopsy it was found that the pleurae of the upper lobe on 
one side were adherent, and immediately beneath this area there was a 
large cavity. The pressure from the pneumothorax had caused the 
cavity to rupture through the adherent pleurae, and thus intrapulmonary 
air escaped into the deep tissue at the dome of the hemithorax. The 
entire mediastinum soon filled with air. 


Case 4.—A white man, aged 21, was admitted to the hospital on Sept. 4, 1929 
The diagnosis of pulmonary tuberculosis had been made on a previous admission 
At this admission the patient had the clinical and roentgen findings of a 
spontaneous tension pneumothorax. There were marked respiratory difficulty and 
slight cyanosis. The pulse rate was 140; the respiratory rate, 40. There was a 
definite shift of the mediastinum to the left. When the needle of the pneumo 
thorax apparatus was inserted, the initial readings were + 16 and + 12 mm. of 
water. After 9,600 cc. of air was withdrawn, the pressures were + 5, — 1. It 
was obvious that the pressure was rising as fast as air was removed. A valve 
drain was left in the pleural cavity. Respiratory embarrassment after this was 
slightly relieved, and the pulse rate became slower and of better quality. On the 
morning of September 5, subcutaneous emphysema was noted about the upper 
part of the right side of the chest, anteriorly. The general condition was some- 
what improved; the pulse rate was 128, and the respiratory rate, 30. By evening 
of this day, the emphysema had spread. The right side of the chest, arm and 
neck was greatly distended. Cyanosis was more marked. The intrapleural 
pressures were + 18 and + 12. Twelve hundred cubic centimeters of air was 
taken out. On September 6, the emphysema had spread over the entire right side 
of the body; cyanosis was more evident, and the respirations were more labored. 
More air was withdrawn, but without relief. The administration of oxygen was 
started, which improved the cyanosis. On the morning of September 7, a large 
emphysematous lump was noticed at the jugulum, and all of the symptoms were 
much more pronounced. During the day, the emphysema spread over the left 
side of the body and grossly distended the face. Oxygen did not affect the 
cyanosis. During the next day, there was little change in the patient’s con- 
dition, but on September 9 the general emphysema was seen to be much increased, 
the entire body being inflated. The pulse rate was more rapid and thready, 
and there was a definite fall in blood pressure. Air was withdrawn from the 
pleural cavity until the pressures were — 6 and — 2, but the symptoms were not 
altered. Death occurred on the morning of September 10. 

At autopsy the right pleural cavity was found to contain a great amount of 
free air and fluid. The left pleural cavity was normal. The mediastinal tissues 
were greatly distended with air, separating the borders of the lungs in the mid- 
line for about 12 cm. The left lung was much congested and contained active 
tubercles. The right lung was collapsed and dull purple. In the upper lobe there 
were three patches of adhesions which had become detached from the parietal 
pleura when the pneumothorax occurred. The right lung was inflated under 
water, and it was found to have a tear in the visceral pleura of the upper lobe. 

24. Pick, E.: Ueber einem Fall von Haut und Mediastinal-Emphysem bei 
Lungentuberkulose, Wien. klin. Wehnschr. 38:508, 1925. 
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his slitlike tear had a flap valve arrangement. Immediately beneath this tear 
vas a cavity measuring about 2 cm. in all dimensions. Three small bronchi 
opened into this cavity. 


It will be noted that in this case symptoms were severe from the 
onset, but they were relieved by lowering the tension of the pneumo- 
thorax. On the day that the emphysema appeared at the jugulum, all of 
the symptoms became more marked and nonremittent. Oxygen did not 
relieve the dyspnea or alter the degree of cyanosis. The withdrawal of 





Fig. 3 (case 4).—Air may be seen in the subcutaneous tissues of the neck and 
the upper part of the thorax. The complete pneumothorax on the right side and 
the herniation of the small collapsed right lung into the left hemithorax are 
evident. The heart, trachea and all of the mediastinal structures are definitely 
shifted to the left. The right side of the diaphragm is markedly depressed. The 
mesial borders of the lungs are widely separated, and in the intervening shadow 
there are streaks and blotches which are probably collections of air in the medias- 
tinal tissues. 


air did not improve the patient’s condition. Presumably, air escaped 


irom the pleural cavity into the muscular planes of the chest through 
the injury in the parietal pleura made by the separation of the adhesion. 
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When the surrounding tissue had filled with air and the air was extend 
ing along different planes, it found its way along the endothoracic fascia 
to the mediastinum. Then there was a decided change in the patient’: 
condition, which took place on the same day that the isolated lump 
appeared at the jugulum. 


ARTIFICIAL PNEUMOTHORAX 

Artificial pneumothorax presents a slightly different phase in the 
production of mediastinal emphysema. An accident that occasionally 
occurs is the insertion of the needle into the substance of the lung, thus 
allowing the inflowing air to follow the same path through the inter- 
stitial tissue as has been discussed elsewhere. Other accidents are 
tearing of the visceral pleura, or rupture of the superficial cavities by 
the needle. Another possibility to be considered is that in the evulsing 
of a phrenic nerve in the presence of a pneumothorax, the mediastinal 
pleura may be torn and the intrapleural air may thus enter the medias- 
tinal tissue. 

Sercer and Péicic*® reported the case of a patient with chronic 
pulmonary tuberculosis whom they treated by artificial pneumothorax. 
Following the administration of air, on one occasion, a marked general- 
ized emphysema occurred, which was soon followed by the death of the 
patient. It was stated that the patient had had five punctures in the 
right side posteriorly, and 600 cc. of air was given. At necropsy it 
was found that the lung had been punctured by the needle and a tension 
pneumothorax had resulted. They found that the air had escaped 
through the puncture holes in the parietal pleura and had extended along 
the endothoracic fascia to enter the mediastinum and distend it to great 
dimensions. 

Parfaitt and Crombie *° reported a case of mediastinal emphysema 
as a result of artificial pneumothorax. They saw the condition fifteen 
times, but no fatalities were reported. The only symptoms were slight 
substernal pain, slight swelling and crepitation at the jugulum, which 
usually disappeared within thirty-six hours. They assumed that the 
accident happened either by misplacing the needle point into the lung 
or by producing a fissure in the visceral pleura and thus making a com- 
munication between the interstitial tissue and the intrapleural air. 


It is significant to note that when the flow of air extending into the 


mediastinum is not continuous or the amount accumulative, the symptoms 
are not severe. 


25. Sercer, A., and Péicic, R.: Ein Beitrag zur Kasuistik Todesfalle beim 
kiinstlichen Pneumothorax, Beitr. z. Klin. d. Tuberk. 53:123, 1922. 
26. Parfaitt, C. D., and Crombie, D. W.: Five Years’ 


Experience with 
Artificial Pneumothorax, Am. Rev. Tuberc. 3:85, 1919-1920. 
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INJURY TO THE UPPER AIR PASSAGES 

It is evident that when perforating injuries of the trachea, larynx 
er main bronchi occur, air may be blown directly into the mediastinum, 
and rapidly distend it. 

Jehn ** reported a case of mediastinal emphysema resulting from 
a fracture and perforation of the larynx, the air being forced from the 
larynx into the deep tissue of the neck and extending into the medias- 
tinum. Incision was made in the neck to allow an escape of air, and 
the patient improved, but later he died of acute mediastinitis. 


Case 5.—A white girl, aged 16, was admitted to the hospital. She was 
pregnant at full term and went into labor on Nov. 29, 1927. At 9:40 p.m. she was 
taken to the delivery room, and ethylene anesthesia was started. At 10:10 p. m. 
an explosion occurred. The patient partiallly rose from the table, then fell back 
and began coughing large amounts of foamy blood. A few minutes later the 
patient’s neck became swollen with emphysema, and the superficial veins became 
engorged and prominent. The emphysema spread with great rapidity, and the 
respiration soon became dyspneic. It was thought that blood had clotted in the 
trachea, and a tracheotomy was done to favor the respiration. 





The pulse became 
very rapid but was of fair quality; the cyanosis and dyspnea increased. The 
patient died at 11:00 p.m. 

Postmortem examination explained the cause of the rapid appearance of the 
emphysema and its speedy extension. Just below the bifurcation of the trachea 
in the right bronchial wall there was a jagged hole about 1 cm. in diameter. This 
had apparently been caused by the impact of the explosion. There were no other 
gross injuries to the air passages or the lungs. Both lungs were markedly 
congested. 

OPERATIONS IN THE PLEURAL CAVITY WITHOUT INJURY 
TO THE LUNG 

Operative procedures in the pleural cavity, not involving the lung, 

may be the cause of a mediastinal emphysema. 


Case 6.—A white man, aged 56, was admitted to the hospital on June 30, 1929. 
\ diagnosis of mediastinal tumor was made. 


Operation was performed on 
July 1. 


A section of the second rib on the right side and cartilage were removed, 
and the parietal pleura was opened. The tumor was found to lie on the sides of 
the bodies of the second, third and fourth vertebrae. 
all around the tumor, and the tumor was enucleated. 

left bare of parietal pleura. 

through the anesthetic mask. 
wall of the chest was difficult. 
Was good. 


The pleura was incised 
The bed of the tumor was 
The lung was then inflated, with positive pressure 
Air-tight closure of the wound in the anterior 

The patient’s immediate postoperative condition 
In the evening of that day the patient became slightly dyspneic, and 
subcutaneous emphysema developed around the wound. 


There was little change 
in his condition until late the following day. 


The dyspnea became more marked ; 
was cyanotic, and the emphysema was rapidly increasing. 


The pulse rate was 
0 and of poor quality; the blood pressure was 90 systolic and 70 diastolic. 
Roentgen examination showed complete pneumothorax. 


12 


Air was aspirated, and 





27. Jehn, W.: Das Mediastinalemphysems, Zentralbl. f. Chir. 48:1619, 1921. 
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the pressures were reduced from + 6 and + 2 to + 2 and 7. His conditic 
slightly improved. An attempt was made to seal the wound in the skin. All ; 
the symptoms soon became more marked, and death occurred early on the mornin 
of July 3 

\t necropsy, the right pleural cavity was found to contain a large amount of 
air and fluid. The mediastinal structures were shifted to the left of the midline 
The borders of the lungs were separated 8 cm. in the midline, and the mediastinal] 
tissues were greatly distended with air. The veins of the neck and brain wer 
dilated and very dark. The right lung was completely collapsed. The left lung 
contained air, but was markedly congested. The lungs were inflated under water. 
but did not show signs of a leakage of air. 








Fig. 4 (case 6).—There is moderate emphysema of the soft tissues in the 
pectoral regions, There is a pneumothorax on the right side and a marked shift 
of the heart and entire mediastinum to the left. The mesial border of the left 
lung is pushed far over to the left. Vascular markings of the left lung are 
prominent. There is a decided widening of the mediastinum, most of the shadow 
being seen to lie in the left hemithorax. Streaks and patches of air are seen 


chiefly within the middle and upper parts of the mediastinum, 


In this case a tension pneumothorax was formed by the sucking of 


air through the wound in the wall of the chest. The subcutaneous 
emphysema was a result of the air being forced from the pleural cavity 
into the tissues adjacent to the wound. The air entered the medias 


tinum by extending through the denuded area at the site of the tumor 
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SOURCES OF MEDIASTINAL AIR OTHER THAN THE 













RESPIRATORY APPARATUS 
Operations at the Base of the Neck—Under some circumstances air 
may enter the mediastinum through wounds of the neck. This occurs 
chiefly because of the negative pressure within the mediastinum. The 
most common occasion is found following thyroidectomies in which there 
has been removal of substernal portions of the gland, even without 
accidental tearing of the pleura. When the planes of fascia leading into 
the superior mediastinum are opened and there is forced inspiration, air 
may be sucked in and trapped in the spongy substernal tissue. This is 
especially true when there is tracheal compression causing inspiratory 
dyspnea. 

Jehn and Nissen,’ Gold,** and Buford ** have reported cases of 
mediastinal emphysema following thyroidectomy. In several of the 
cases the cause of death was attributed directly to this factor. In the 
case reported by Buford,*’ the patient recovered after a very stormy 
postoperative course. The operator recognized the condition, knowing 
that air was sucked into the wound at the time of operation. The treat- 
ment employed was unusual in that venesection was done. 

Open Wound of the Diaphragm.—lf the diaphragm is perforated, 
air may be sucked into the inferior mediastinum. The following case 
was observed in this hospital. 


Cask 7.—A white man, aged 23, was admitted to the hospital on April 30, 1930. 
\ diagnosis of splenic anemia was made, and splenectomy was performed 
on June 16. A left rectus incision was made from the margin of the rib down- 
ward 9 inches (22.86 cm.) and then carried laterally. A rather large spleen was 
found; it was very adherent. and many large dilated veins coursed from it. An 
attempt was made to enlarge the incision upward; the diaphragm was accidently 
incised in the midline. Immediately sucking was noticed in this wound; it was 
closed with a suture. This stopped the sucking. The spleen was removed with 
only a moderate loss of blood. The splenic bed was packed and the wound closed 
in layers about this packing. The immediate postoperative condition was poor. 
rhe pulse rate was 160; the respiratory rate, 44. (The change in pulse and 
respiration did not take place until the diaphragm was opened, when both sharply 
increased.) The patient soon became extremely cyanotic and dyspneic. A trans- 
fusion of whole blood was given, and dextrose was administered intravenously, 
but there was little change in the condition throughout the day. On the morning 
of June 17, another transfusion was given. Oxygen was administered but did not 
alter the extreme cyanosis. The pulse rate remained about 150 during the day ; 
the respiratory rate remained above 40. There was definite distention of the 
veins of the neck. The symptoms gradually became worse, and death occurred 
late in the afternoon, 

At autopsy evidence of postoperative hemorrhage or infection was not found 
in the abdomen. Neither pleural cavity contained free air or fluid. The borders 





28. Gold, E.: Ueber Mediastinalemphysem nach Strumektomic, Mitt. a. d. 
Grenzgeb d. Med. u. Chir. 37:352, 1924; Arch. f. klin. Chir. 138:195, 1925, 
29. Buford: The Entrance of Air into the Mediastinum During Operations on 


the Base of the Neck, Surg., Gynec. & Obst. 26:540 (May) 1918. 
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of the lungs were widely separated in the midline. The 
areolar tissue were distended with air. The large veins entering the mediastinun 
were much distended and very dark. Both lungs were markedly congested, but 


there was no evidence of frank pneumonia. 
{ 


mediastinal fat ar 


al 


Undoubtedly the patient’s death was directly due to the emphysem: 
of the mediastinum. All symptoms were characteristic of those due t 
increased mediastinal pressure. His condition changed little from the 
time the air entered the mediastinum until death. The probability is 
that the air was drawn into the mediastinum and was trapped ther 
when the wound in the diaphragm was closed. The amount was 
sufficient to cause an interference with circulation, and the absorption 
of the air did not take place rapidly enough to lessen the mechanical 
hlockage of circulation before death occurred. 





Fig. 5 (case 7).—A, roentgenogram of the normal chest, taken two days before 
operation. B, roentgenogram of the chest taken immediately after death. The 
increased width and the change in the lines of the lateral borders of the medias- 
tinum are noticeable. Both lungs show evidence of vascular congestion. The 
same vertical streaking present in the other illustrations is also seen here. 


Rupture of the Esophagus.—Another source of air is from a perfora- 
tion of the esophagus. 

Pearce *° reported an interesting case of emphysema and death. Post- 
mortem examination showed that there had been a rupture of a small 
abscess cavity in the wall of the esophagus close to the cardia of the 
stomach. There was a sinus tract leading from this abscess cavity, 
burrowing along beneath the mucous coat of the esophagus and opening 


30. Pearce, W. H.: An Unusual Case of Emphysema, Lancet 2:1221, 1886. 








JESSUP—MEDIASTINAL EMPHYSEMA 781 


into the stomach. When the abscess ruptured, gas from the stomach 
passed directly into the mediastinum, emerging at the jugulum and 
extending over the entire body. Also there was a small amount of 
free air in both pleural cavities. No explanation was offered as to 
the mechanism of formation of the bilateral pneumothorax. 

Also gas from the gastro-intestinal tract may escape through wounds 
into the retroperitoneal tissue, and, passing through the crus of the 
diaphragm, may thus reach the mediastinum. 

Open Wound of the Intestinal Tract——Newman ™* reported a case 
of generalized emphysema first appearing at the jugulum, following a 
rupture of the stomach. At autopsy marked pneumoperitoneum was 
found. The wall of the stomach was perforated; the opening had 
ragged edges, and there was a general abrasion of the surrounding wall 
of the stomach. There was great distention of the retroperitoneal 
tissue with air. Apparently the free air in the peritoneal cavity entered 
the tissues of the wall of the stomach at the place of rupture, then 
forced its way between the subserous and muscular coats, and finally 
reached the retroperitoneal tissue. 

Erichsen ** saw a case of emphysema develop following puncture 
of the bladder through the rectum for relief from acute retention. The 
emphysema was noticed about the perineum and groins and at the base 
of the neck. The emphysema apparently reached the neck by extending 
along the tissues surrounding the great vessels to the mediastinum and 
thence to the surface at the jugulum. 


TREATMENT 

Treatment may be considered from two aspects: that of controlling 
the source of the air, and that of giving an outlet to the air already 
accumulated. In controlling the source of the air, surgical closure of 
a rent in the lung or the bronchus may be performed. Air-tight closure 
of sucking wounds should be made. Diversion of pneumothorax air 
to the exterior by the insertion of a valve drain may sometimes be 
sufficient. One method of making this valve drain is by fitting an 18 
gage needle to a piece of rubber tubing, the distal end of which is 
immersed in a bottle of sterile water or boric acid solution, and placing 
it below the level of the thorax. When the needle is inserted into the 
pleural cavity, the air may be expelled through this water seal. An 
incision of the skin at the point where a subcutaneous emphysema is 
originating may prevent a rapid extension of the process. If labored 
respiratory movements are increasing the tension of a pneumothorax, 


the administration of narcotics for complete rest may be useful. 


31. Newman, A. J.: General Emphysema Following Rupture of Stomach, 
Lancet 2:728, 1868. 

32. Erichsen: Perineal Emphysema Spreading to Upper Parts of Body from 
Puncture of Bladder Through Rectum, Lancet 1:89, 1860. 








ARCHIVES OF SURGERY 


Several cases of rapid recovery are reported in the literature follow- 
ing the incision of the skin about the neck, thus allowing the air to 
escape. The method of Tiegel ** is unique in that he applied a suction 
cup over the incision in the jugulum and maintained a constant negative 
pressure. 

SUMMARY AND CONCLUSIONS 


By keeping in mind the circumstances under which mediastinal 


emphysema may occur and recognizing the symptoms when they appear, 


a diagnosis of the condition may more frequently be made. 

The effects of mediastinal emphysema seem to be the result of 
increased mediastinal pressure. The outstanding effect is a mechanical 
interference to circulation brought about by the compression of the 
large veins entering both sides of the heart. Most of the outward 
signs observed are dependent on this blockage of circulation. 

Air reaches the mediastinum by definite pathways, chiefly along 
fascial planes and through the tissues that are continuous with the 
areolar tissue of the mediastinum. Mediastinal emphysema has been 
known to result from injuries and diseases of the lung, from operations 
on the lung and also from perforations of the wall of the chest, 
operations in the pleural cavity and artificial pneumothorax. Perforating 
wounds of the larynx, trachea and bronchi have produced mediastinal 
emphysema. The mediastinum may suck air through wounds of the 
neck and diaphragm. Generalized emphysema from rupture of the 
esophagus has been reported; also, a retroperitoneal emphysema follow- 
ing a rupture of the stomach extended to the mediastinum. 

The symptoms and physical signs are characteristic. “Those most 
commonly present are extreme cyanosis and dyspnea, rapid pulse, con- 
gestion of the superficial veins of the neck and low blood pressure. 
Substernal discomfort and pain may be a complaint. Subcutaneous 
emphysema is usually present, but is not a requisite finding. Physical 
examination of the chest cannot be depended on. Usually signs are 
obliterated by the emphysema of the soft tissues. Tympany over the 
sternum is helpful. If the heart is surrounded by air, the sounds will 
be distant, and some observers have reported being able to hear 
emphysematous clicks synchronous with the contraction of the heart. 

Roentgen findings are not characteristic but are helpful. Increased 
vascular markings of the lungs are often present. When the borders 
of the lungs are widely separated in the midline and when there are 
longitudinal dark streaks in the mediastinal shadow, this is suggestive of 
mediastinal emphysema. The borders of the lungs are separated because 
the mediastinum is distended. The dark streaks are thought to be due 
to the accumulation of air in the tissues along the great vessels and in 
the tissues between the parietal pleura and the bodies of the vertebrae. 

All cases of crushing injuries to the chest with a spreading emphy- 
sema must be considered as potential cases of mediastinal emphysema. 
This possibility must be borne in mind also during certain operative 
procedures, and care must be taken to avoid the complication. 
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The lymphatics of the thyroid have been referred to as the ducts 
of the gland. This reference originated in 1836, when King and Cooper ! 
claimed to have observed colloid in the lymphatic vessels within the 
thyroid and also as they left the gland. Since that time the lymphatic 
drainage of the thyroid has been the subject of a great deal of con- 
troversy. This difference of opinion has arisen mainly because with the 
customary technic of injecting the lymphatics of parenchymatous organs 
by needle puncture there was uncertainty as to which channels have been 
injected—lymphatics, capillaries or tissue spaces. There is now a general 
agreement on the fact that the external surface of the thyroid is covered 
by a rich anastomosing plexus of lymphatic vessels and on the course 
of the larger extraglandular collecting trunks that drain the plexus. 
However, the relation of the lymphatic capillaries to the definitive 
histologic unit of the thyroid, 1. e., the follicle, and the intraglandular 
pattern of the lymphatic system of this gland are the main controversial 
points which up to the present have remained undisclosed. This question 
seemed insoluble with the technic employed in the past. It was my 
purpose in this investigation to determine the fine terminal distributions 
of the lymphatic vessels of the thyroid of the dog and the intraglandular 


lymphatic plexus as revealed by a centripetal injection into these channels 
at a point removed from the gland. A comparative study has also been 
made of the human thyroid as well as of that of the cat and the guinea- 


pig. 


HISTORY 


The lymphatic system of the thyroid has attracted the attention of 
many observers in the past, and it may be well to mention the more 
important of these investigations and their contributors. Frey,? in 1863, 
described the lymphatic channels of the thyroid as having their beginning 





* Submitted for publication, Feb. 6, 1931. 
* Presented before the annual meeting of the American Society of Anatomists, 
\pril 17, 1930, at the University of Virginia, Charlottesville, Va. 

* From the Department of Surgery of the Johns Hopkins University and the 
Department of Embryology of the Carnegie Institute of Washington. 


1. King, T., and Cooper, A.: Observations on the Thyroid Gland, Guy’s 
Hosp. Rep. 1:429, 1836. 
2. Frey, H.: Die Lymphbahnen der Schilddriise, Verhandl. u. Mitt. Deutsche 


Klin. 15:478, 1863. 
















784 ARCHIVES OF SURGERY 


in blind alleys, cecum-like in form, between the follicles. Boechat,* 
in 1873, reported his observations of shell-shaped lymphatic spaces or 
sinuses placed between the acini; these spaces were lined with a con- 
tinuous layer of endothelium and traversed by septums of connective 
tissue or trabeculae to prevent excessive dilatation. In 1874, Navalichin,' 
found that the follicles of the thyroid gland are not contiguous with 
the connective tissue stroma, but are separated from this tissue by 
lymphatic spaces, so that each follicle is lying by itself in a lymph 
lacuna, the blood vessels of the gland being surrounded by similar spaces 
which are drawn out more lengthwise. When an injection was made 
into the gland by direct puncture, the mass filling the space around 
the follicles and around the blood vessels in the connective tissue stroma 
flowed out; it then collected under the glandular capsule, which con- 
sisted of connective tissue, and finally entered the lymphatic vessels 
which leave the hilus and extend into the superior and inferior lymphatic 
glands of the neck. When a solution of 0.5 per cent silver had been 
injected, it became evident that the described lymphatic spaces of the 
thyroid were lined with a single layer of epithelium. The blood vessels 
lying within these lymphatic spaces were likewise covered with single 
layers of epithelium. From these observations, Navalichin drew the 
conclusion that the system of lymphatic vessels of the thyroid was 
perivascular. Baber,® described a plexus of lymphatics close to the acini 
which varied in caliber but did not form sinuses. Zeiss,® in 1877, and 
more recently Williamson and Pearse,‘ in 1930, observed large cavernous 
or sinus-like lymphatic spaces which embrace usually one follicle or 
which may include two, four or six follicles, the lymphatic vessels lead- 
ing off from these spaces accompanying the efferent and afferent blood 
vessels. To subscribe to the observations of Williamson and Pearse 
would necessitate the admission that the lymphatic system of the thyroid 
is an open one in communication with the tissue spaces between the 
follicles and blood capillaries. MacCallum * was the first, in 1899, to 


3. Boechat, P. A.: Les sinus lymphatiques du corps thyroide, Compt. rend. 
Acad. d. sc. 76:1026, 1873. 


4. Navalichin, J.: Beobachtungen iiber das 


Lymphgefass-System der 
Glandula thyreoidea und der Brustdriise, Arch. f. Physiol. 8:613, 1874. 

5. Baber, E. Creswell: On the Lymphatics and Parenchyma of the Thyroid 
Glands of the Dog, Quart. J. Micr. Sc. 17:204, 1877. 

6. Zeiss, Otto: Mikroscopische Untersuchungen tiber den Bau der Schild- 
driise, Strassburg, H. L. Kayser, 1877, vol. 8, p. 50 


7. Williamson, G. Scott; and Pearse, Innes H.: The Anatomy (Comparative 
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8. MacCallum, W. G.: Die Beziehung der Lymphgefasse zum Bindegewebe, 
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show in his studies of the lymphatic network of the skin in embryo 
pigs that the lymphatic system is a closed one. In this study he dis- 
proved the existence of communications between the lymphatic vessels 
and surrounding connective tissue spaces, called “Saft Kanalchen” by 
von Recklinghausen. MacCallum’s original observations have since been 
confirmed by many studies of the lymphatic vessels of different regions 
and organs. Furthermore, as the conclusions of Williamson and Pearse 
were not founded on experimental injections into the thyroid but merely 
on conjecture, based, according to their own words, on examination 
of histologic sections of uninjected thyroid glands, it would seem neces- 
sary only to quote a passage from one of their recent articles in order 
to exclude their hypothesis: 


The thyroid is the only gland in which under natural conditions the lymphatic 
system is found with great frequency to be active and distended with lymph and 
lymphocytes. The histologist therefore had not to await the results of injection 

nd experiment to demonstrate the lymph system in the thyroid gland. 

Each follicle of the thyroid lies in a lymph space so arranged that the epithe- 
lium of the thyroid is bathed directly by any lymph contained therein. Groups 

such follicles with their perifollicular spaces are enclosed in a fibro-elastic 
capsule lined with endothelium. Within the limit of this lining the perifollicular 
spaces are continuous, forming slitlike channels running between the individual 
follicles. These channels are portions of the endothelial-lined sac rendered visible 
by fluid contents. It is to this endothelial sac with all its tortuous interfollicular 
channels that the name ‘lymph sinusoid’ is given. Each sinusoid, within which 
are packed columns of thyroid epithelium and a blood capillary plexus, represents 
one ‘gland unit.’ Groups of these encapsulated gland units are regularly clustered 
about a central lymphatic channel into which their sinusoids open freely. They 
are massed around the channel like grapes around a stalk. Each mass of gland 
units forms a lobule of the gland and is enclosed in a special compartment of the 
interstitia. This arrangement is analogous to that found in the lobule of the liver. 
The difference in structural arrangement between these organs is that that in the 
thyroid lymph takes the place of portal blood; lymph is as significant to the 


function of the thyroid as the portal blood is to hepatic function. 


Matsunaga,’ in 1909, reported that the moderately broad lymphatic 
vessels coursing in the connective tissue layers which separate the 
follicles divide into a number of smaller branches which run along 
between several groups of the follicles and give off still finer divisions, 
which surrounded the single follicles. From these interfollicular 
lymphatic ducts, very fine lymphatic capillaries lead toward and into 
the interior of the follicles themselves, lying between the epithelial cells 
of the follicular wall, and are therefore to be looked on as “interfol- 
licular” or “‘interepithelial” lymphatic ducts. The interepithelial ducts 

9, Matsunaga: Die parenchymatésen Lymphbahnen der Thyreoidea und ihre 
Sekretion, Arch. f. Anat. u. EntwekIngsgesch., 1909, p. 339. 
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of the follicular wall run between the epithelial cells and terminat« 


at the border between the colloidal contents and the inner epithelial 
edge. 


Matsunaga discussed further the presence of intracellular ducts: 


On the wall of a follicle is seen a cell with evident signs of nuclear degen- 
eration and protoplasmatic vacuoleformation. It is into this cell that a lymphatic 
duct enters coming from a passing lymphatic vessel, while none of the other intact 
cells of the follicle wall show up any ducts. It might be possible, that 
the intracellular lymphatic ducts do not develop and grow into the cells of th 
thyroid until these ceils assume secretory activity, form vacuoles and begin to 
dissolve; and that from the first they are not present in the substituting cells. 
\t the time of the secretory dissolution of the cells, open ducts would be available 
for the escape of the colloid or whatever substance is secreted from the inside o/ 
the follicles into the intracellular and wider lymphatic passageways. 


He then concluded: 


i. 


licles there exists a communication by way of the intercellular lymphatic vessels 
of the follicle wall. 


Between the interfollicular lymphatic vessels and the contents of the fol- 


2. The cells of the follicle wall are gradually cast off, are 
transformed into the colloid, and this latter, or whatever are its essential ingre- 
dients, are excreted through the intercellular lymphatic ducts into the inter- 
follicular lymphatic ducts. 3. Intracellular lymphatic ducts within the thyroidea 
probably do not commence to develop until the cell starts its secretory activity. 


TECHNIC: MATERIAL AND METHOD 


The thyroid glands used in this study were obtained from four of a series of 
forty dogs and also from ten persons with exophthalmic goiter on whom I oper- 
ated in such a manner as to render the specimens suitable for injection, not only 
into the lymph but also into the blood vascular system. To accomplish this, one lobe 
of the thyroid was removed practically in its entirety by clamping all vessels well 
above or beyond their entrance to or departure from the gland. Thus the entire 
lobe, including both poles and the isthmus, were removed in one piece. The 
isthmus was clamped across so as not to allow the injected mass to run out. 
If any leakage occurred at the portion of the gland impinging on the tracheo- 
esophageal angle, this region was also tied off and clamped. This was done so 
that enough pressure could be exerted on the syringe to insure complete injection 
of the lymphatics of the thyroid. Thus the lymphatic trunks entering and leaving 
the poles of the human thyroid were removed intact with the polar blood vessels. 
The thyroid of the dog was selected for study because in this animal the two 
glands are not connected by an isthmus, and at the same time the thyroid as well 
as the lymphatic vessels are of sufficient size to facilitate handling them readily. 
The thyroid glands of two cats and one guinea-pig were also injected, but since 
the observations of their glands and also of the human thyroid differed in no way 
from that of the dog, only the technic of injection employed in the latter and the 
results obtained will be described. 

Advantage was taken of the fact that in the dog the right and left thyroid 
bodies are entirely separate, there being no isthmus or the remnant of one in the 


forty dogs of this series. In the beginning an attempt was made to employ retro- 
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vrade injection in the thyroid by first ligating the large cervical lymphatic-collect- 
ing trunks of the neck. These were identified by injecting a 10 per cent solution 
of india ink into the superior cervical lymphatic glands on each side. The large 
descending cervical trunks quickly became visible as they rapidly filled with india 










ink, and they were ligated at several points along their course. Injection of india 
ink into these trunks, immediately or at hourly intervals up to forty-eight hours, 
in an attempt to inject the thyroid gland on that side, were unsuccessful because 
it was not possible to force the ink past the deep cervical glands which receive 
the lymphatic trunks from the superior pole of the thyroid. In many instances 
it was not possible to force the ink up through these large trunks to the superior 
cervical glands because of the valves. The reason for ligating these trunks was, 





of course, to allow the valves to become incompetent by ballooning out of the trunk 
with lymph. As this method proved unsuccessful, it was then thought that if all 
the draining lymphatic trunks from the thyroid were ligated on one side only, a 
collateral circulation might be effected which would enable one to inject the 
lymphatics of the ligated side and thus have the injected mass carried across the 
midline to fill the lymphatics of the opposite gland; in this way only the lymphatics 
of the gland on one side would be injected, there being no isthmus, and therefore 
no parenchymatous connection between the two glands. Most meticulous, careful 
ligation was made of all the efferent lymphatic trunks leading away from the leit 
thyroid gland in dogs together with multiple ligations of the descending cervical 











trunk on the left side. This technic was carried out under general anesthesia with 
morphine and ether, and the most careful aseptic surgical technic was observed. 
\fter twenty-four hours, the dog was placed on his back, horizontally, on an oper- 
ating table, and the left thyroid gland was exposed. With the dog on its back, the 
trachea is on a higher plane than the thyroid gland so that any fluid spilt will 
run down further on that side and not over the midline. A 10 cc. Luer syringe 
equipped with a no. 28 hypodermic needle was filled with 10 per cent solution of 
white label india ink. The needle was inserted into the parenchyma of the left 
thyroid gland just beneath the capsule and moved about slightly as the solution 
of india ink was injected. The surface lymphatic plexus of the left thyroid gland 
filled immediately, and it could be seen at a glance from the type and shape of 











the vessels that they were lymphatic channels. Considerable pressure could then 
be exerted on the plunger of the syringe, causing the surface lymphatics to become 
more or less distended or even overdistended. The lymphatic trunks leading away 
from the lower pole became filled as did those about the upper pole, and the 
drainage trunks leading to the superior cervical glands on the left were quite 
visible as well as the trunks draining toward the mediastinum. The ligatures in 
the pretracheal fascia, about the poles and lateral to the gland, prevented the ink 
from completely filling these trunks as their lumina was interrupted. With a 
continuation of steady pressure on the syringe, a very complex network of lym- 















phatic vessels in a ribbon-like strand was observed to fill along the inner margin 
of the left thyroid gland and extend up and across the midline in the pretracheal 
fascia. This complex anastomosing narrow band of lymphatic vessels represented 
undoubtedly the ontogenetic vestige in the dog of the isthmus of the thyroid gland, 
and probably not a developed collateral circulation. The right thyroid gland was 
completely injected with the india ink, the lower pole of the gland injecting first 
with a gradual progression toward the upper pole. The large lymphatic trunks 
leading away from the lower pole on the right side were filled and visualized 
down to the superior mediastinal gland. The lymphatic trunks from the upper 
pole were filled, following a complete injection of the right gland, and carried the 
ink into the superior cervical glands on the right side (fig. 1). 
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Fig. 1—Photograph of a specimen of the right and left thyroid glands together 
with the right superior cervical lymph gland of dog 21 removed “en bloc” with 
pretracheal fascia; & 83. The lymphatics were injected with a 10 per cent solu- 
tion of india ink, the blood vessels with a modified solution of Gerota’s prussian 
blue. Note the pretracheal lymphatic plexus with efferent lymphatic trunks drain- 
ing down toward the mediastinum (Pre. Tr. Plex.). In the lower portion of the 
figure may be seen a small mediastinal lymph node. The characteristic pattern of 
the lymphatic trunks may be seen in this pretracheal plexus and also in the efferent 
trunks draining the superior portion of the right thyroid gland into the right 
superior cervical lymphatic gland. In the upper portion of the figure near the 
superior cervical lymph gland, the lymphatics have the appearance of chainlike 
links. On the inner margin. of the right thyroid gland can be seen the injected 
superior thyroid artery. This, although injected with the solution of prussian blue, 
shows black in the photograph. The smooth contour of this vessel and the absence 
of the characteristic chainlike links is evident. At the inferior margin of the 
pretracheal plexus may be seen two small extravasations which are evidently 
different in their general appearance and contour from the lymphatic vessels. 
About the middle of the lower portion of the pretracheal fascia can be seen a small 
bladder-like structure connected with the lymphatics which may be an absorbing 
unit. 
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Thus the lymphatic vessels of the left thyroid gland were injected with a 10 
per cent solution of india ink by a direct puncture into the gland. Following this 
injection, the ink was carried up and across the trachea in the midline by the 
lymphatic vessels of the pretracheal fascia. The maintenance of a constant head 
of pressure on the plunger of the syringe resulted in a complete injection of the 


lymphatic system of the right thyroid (figs. 1 and 2). A constant head of pressure 


-Abs. unit. 


=; 








Fig. 2——Higher magnification of the pretracheal plexus of the specimen shown 
in figure 1; & 3.6. Note the characteristic appearance of the lymphatic vessels and 
the bladder-like absorbing unit at the lower portion of the photograph (Abs. unit). 
In the right side of the figure at the inferior margin of the pretracheal lymphatic 
reticulum can be seen three small extravasations the appearance of which is 
characteristic. 


was estimated by the degree of distention of the lymphatic vessels forming the 
surface plexus over the left gland. The injection of the right gland was pro- 
gressive from the lower pole to the upper, where the larger lymphatic trunks 
draining the upper pole of the gland were filled and carried the india ink into the 
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superior cervical glands (fig. 1). The entire parenchyma was injected before the 
superior lymphatic trunks were filled. As observed, the actual progression of 
the injected mass seemed to be first from the narrow lymphatic plexus across the 
midline into the surface network covering the lower medial aspect of the right 
thyroid from which the intraglandular network of lymphatic vessels were com- 
pletely injected. Following this injection, the lymphatic vessels of the entire 
intraglandular plexus, the tributaries of the surface or extraglandular plexus of 
the remainder of the gland, were filled in succession, thus forcing the india ink 
into all drainage trunks of the superior and inferior poles of the gland. 


The right 
thyroid was transformed into a solid black mass. 


The dissimilarity between the 
narrow complex anastomosing band of lymphatic vessels, which extended across 
the midline, and the pattern of vessels resulting from the development of a 
collateral circulation was at once very evident (figs. 1, 2, 3 and 4). 


The external carotid artery on the right side and then the one on the left were 
injected with a modification of Gerota’s prussian blue-ether-turpentine mass. 
This was made by thinning 1 Gm. of artist’s prussian blue oil paint with 4 cc. of 
turpentine, chemically pure, and diluting with 15 cc. of ether. This mass, when 
injected, immediately and easily filled the entire arterial and venous trees includ- 
ing the blood capillaries. The blue could be traced through the arteries and out 
the veins on the right and left sides. The entire specimen, which included the 
right and left thyroid glands, the right and left superior cervical lymphatic glands, 
the mediastinal lymphatic glands and all the extra-glandular lymphatic trunks 
departing from the thyroid, was fixed with the intervening and supporting con- 
nective in one large block (figs. 1 and 2). This was accomplished by pinning the 
specimen on a large sheet of cork and fixing it in a diluted solution of formal- 
dehyde, U. S. P. (1:10) for over seventy-two hours. This entire specimen was 
then dehydrated and cleared according to the method of Spalteholz and preserved 


in methyl salicylate. The specimen as a whole was thus studied under the 


binocular microscope, following which free hand sections were made with a safety 


razor blade. These were cut from 0.5 to 5 mm. in thickness. Later, a portion 


of the right thyroid was run back through the alcohols and mounted in celloidin. 
From this block, serial sections were cut 10, 20, 30, 40 and 60 microns in thick- 
ness. These were stained in hematoxylin and eosin, and also in alum cochineal. 
The sections were studied under the binocular dissecting, as well as the compound, 
microscope. 


Injections of the left thyroid were then carried out without previous ligation 


of the draining trunks. Three more successful injections of the right thyroid 


were obtained by injecting the 10 per cent solution of india ink directly into the 
left gland. In each of these animals the blood vascular system was injected pri- 
marily and the lymphatic vessels secondarily. This was accomplished by inject- 
ing the entire circulation of the head with the modification of Gerota’s mass and 


in one the external carotid arteries with mercury. In the latter animal, Gerota’s 


modified mass was also used, as the mercury could not be forced into the very 
small arterioles. The blue mass flowed by the 


ramifications of the blood capillaries. 


mercury and filled the finest 
Thus in four of forty dogs the narrow 
communicating plexus of lymphatic vessels was present between the right and left 
thyroid glands, and enabled one to inject only the lymphatic vessels of the right 
thyroid by inserting the mass into the parenchyma of the left thyroid. The pres- 
ence of the pretracheal lymphatic reticulum may be more common than was revealed 
in this series of forty dogs in which it was discovered only four times. That the 
pressure of the injection of the india ink was more than sufficient for a complete 
injection of the right thyroid was proved by the presence of small extravasations 
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here and there in the pretracheal plexus (figs. 1 and 2). Direct extravasation of 
the ink into tissue spaces in the left thyroid into which the injecting needle was 
plunged could be ignored, because these extravasations were confined to the 
capsule of the left gland which was never used in this study. If ink happened 
to get into the blood capillaries, it would have been washed out through the veins 
in the first animal, because the dog was alive during the injection. In the remain- 
ing three the blood vascular tree was already injected, the veins then tied off and 
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g. 3.—Photograph of an injected right thyroid gland with pretracheal fascia 
f dog 28; & 0.9. Injection was made in a similar manner to that in dog 21. 
Note the pretracheal plexus with the efferent trunks draining into the mediastinal 
glands coursing through the pretracheal fascia. The lymphatics were injected 
with a 10 per cent solution of india ink and the blood vessels with a modified solu- 


tion of Gerota’s prussian blue. 


the tension of the injection increased. Portions of the right thyroid of these later 
specimens were cleared by the Spalteholz method; some were mounted and cut in 
serial sections, while others were studied by maceration in 50 per cent hydro- 
chloric acid and dissected under the binocular dissecting microscope. The intra- 
glandular pattern having been determined for the dog, the human thyroid and that 


t the guinea-pig and the cat were studied in a similar manner. The superior 
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thyroid artery was first injected with the modified Gerota’s injection mass. The 
lymphatic vessels were then injected by thrusting the needle directly into the lobe 
of thyroid to be studied. After the blood vessels were injected they could then be 
distinguished from the lymphatics. Although occasional extravasations occurred 
into tissue spaces, the knowledge of the interfollicular lymphatic pattern in the 
thyroid of the dog, together with the characteristic size and shape of the lymphatic 
channels in the human gland, left no doubt as to the similarity between the 
lymphatic system of the thyroid glands of dog and man. 








Fig. 4——Higher magnification of the pretracheal plexus of figure 2. This 
demonstrates more clearly the pattern of the lymphatic plexus and the shape of 
the lymphatic vessels through which the injection mass coursed to reach the right 
thyroid gland. 


DESCRIPTION OF LYMPHATICS 


The lymphatics of the thyroid originate in an anastomosing endothe- 
lial reticulum or plexus which lies in the interfollicular spaces of the 
giand (figs. 5, 6, 7 and 8). This interfollicular plexus consists of com- 
municating capillary lymphatic channels which connect rather dilated 
endothelial sacs or small pockets that have been termed bursellae *° 


10. Bursa from Stpea, meaning a leathern bottle; Latin feminine noun, bursa; 
bursella, diminutive of bursa; plural, bursellae. 
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Fig. 5.—Camera lucida drawing of an injected specimen of dog’s thyroid; & 57. 
A free hand section was cleared by Spalteholz’ method. The lymphatics, shown 
in black, were injected with a 10 per cent solution of india ink; the blood vessels, 
with prussian blue. The artery is colored pink in the drawing for the sake of 
clearness. Interfollicular lymphatic plexus consisting of lymphatic capillaries and 
bursellae is shown alone and also in relation to the blood vessels and follicles. 
In the upper left hand corner of the drawing, the individual follicles are drawn 
in their relation to the interfollicular lymphatic plexus. A higher powered draw- 
ing of this isolated area is shown in figure 6. In this region also the type of 
communication between the interfollicular lymphatic plexus with the overlying extra- 
glandular plexus may be seen. Relatively large lymphatic capillaries run directly 
into the bursellae and also into the large spaces in the extraglandular plexus. It 
is to be noted also that the lymphatic plexus on the surface of the gland is beneath 
the capsule and contiguous with the underlying follicular parenchyma of the 
thyroid. The manner in which the lymphatic vessels surround the blood vessels is 
also to be noted, for it will be seen in the lower portion of this figure that the 
vein and artery are apparently surrounded by a lymphatic space, that is if only 
the cut end of the vessel is seen, but it will be noted that this is really an illusion 
because it just so happens that the vessel was cut across at a point in which one 
of the bursellae and its joining lymph capillary encircled the vein. The peri- 
vascular lymphatic network is abundant. The details of the blood capillary plexus 
have been omitted from this drawing in order to depict the lymphatic vessels more 
clearly. The relation of the lymphatic and blood capillaries together with the 
individual follicles of the thyroid may be seen in figure 6. Taking the lymphatic 
pattern as a whole, the alveolar arrangement formed by the rather large coarse 
lymphatic vessels is apparent. C indicates capsule; B, bursellae and F, follicle. 




















Fig. 6.—Enlarged drawing of the region shown in the upper left hand corner 
of figure 5, demonstrating the relative size and relation of the lymphatic and 
blood capillary plexuses to the individual follicles. It is to be noted that the 
lymphatic plexus lies external and less intimately in contact with the individual 
follicles of the gland. The blood capillary plexus is specific for each follicle, 
which is not true of the lymphatic capillary plexuses. 
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(figs. 5 and 6). These bursellae, together with the connecting lymphatic 
capillaries, form a closed lymphatic system. The bursellae are small 
dilated endothelial spaces or lacunae which lie between groups of fol- 
licles and from which emanate the connecting lymphatic capillaries. 
They vary in size from a slight knoblike enlargement occurring at the 
junction of two or more lymphatic capillaries to that of a broad, sheet- 
like structure which partly embraces a group of follicles or some of 
the larger arterioles (fig. 5). They are of an average size which is 
fairly regularly maintained throughout the thyroid and seems to be 
determined by the number of connecting lymphatic capillaries. There 
is also a marked difference in the form of the bursellae, which varies 
from that of a ribbon shape to that of either a multifaced prism or 
a wide and flat sheet like structure (fig. 5). The bursellae are situated 
exterior to the blood capillary plexus, which surrounds each follicle, but 
conform to the curvature of the convex external surface of the follicles 
between which they lie (figs. 5 and 6). Depending on the size of the 
bursellae, the surrounding pressure probably determines their shape 
to a great extent. Thus a very small bursella may partially encompass 
only the external contour of less than one half of one follicle, whereas 
one of prismatic form, either triangular, pentagonal or octagonal, may 
impinge on several follicles with the greater portion of its facets (fig. 5). 
On the other hand, a bursella may present the form of a wedgelike endo- 
thelial sac which fits in between the space remaining among the fol- 
licles where the circumference of these spherical bodies do not impinge 
on one another. Finally, the bursellae may occur as a large endothelial 
sheetlike structure which partially embraces in its concave surface, an 
entire group of follicles including their capillary plexuses, only a portion 
of a sphere however being formed by a bursella. A group of follicles 
completely surrounded by endothelium was not observed. In minute 
detail the bursellae vary markedly in size as well as in shape and are 
individual, but generally their form is quite similar. Their distribution 
through the gland is fairly regular and numerous with their long axes 
approximately parallel to each other and to the greater diameter of the 
gland. The bursellae, together with their connecting lymphatic capil- 
laries, when injected, appear in a thin section of a cleared tissue to 
have an alveolar-like arrangement (figs. 5, 7 and 8). In the interfol- 
licular plexus, the bursellae are mainly connected by rather long 
unbranching lymphatic capillaries, but not infrequently they anastomose 
with each other by a rather wide connecting ribbon-like endothelial 
channel which appears to form practically a fusion between the bursellae. 
This is particularly noticeable along the blood vessels (figs 5, 7 and 8). 
The perivascular bursellae frequently appear as broad ribbon-like or 
band-like channels forming a narrow meshwork with small interstices 


about the blood vessel so that when cross-sections are made through 
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the mesh the entire blood vessel seems to be surrounded by a lymphatic 


channel (fig. 5). That this is only apparent, however, is shown by the 
serial sections. The perivascular reticulum may, however, consist of 
merely a network of lymphatic capillaries, the diameters of which are 
relatively the same and form a more delicate network than that formed 
by the bursellae. The smaller branches and tributaries of the arterioles 
and vessels are not as a rule embraced by the lymphatic vessels. At 


frequent intervals along the course of the blood vessels communicating 








Fig. 7.—Photograph of an injected specimen of a dog's thyroid; & 4. <A free 
hand section was cleared with Spalteholz’ method. <A black perivascular inter- 
follicular lymphatic plexus is shown connecting with the extraglandular 
reticulum. The dull gray background with white spots represents the capillary 
injection about the follicles. The capillaries were injected with prussian blue. 
Note the bursellae and lymphatic capillaries. 


lymphatic capillaries from the interfollicular plexus anastomose with 
the perivascular reticulum. The lymphatic capillaries that form the 
channels of communication between the bursellae in the interfollicular 
plexus are characterized chiefly by their large size, both in length and 


diameter in comparison with the blood capillaries, by their infrequent 
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branching or reception of tributaries and by their lack of formation of 
a vascular network about individual follicles similar to the blood capil- 
lary plexuses (figs. 5,6, 7 and 8). Occasionally the lymphatic capillaries 
would be arranged circumferentially about a group of follicles receiving 
radially arranged tributaries from a central nodal point or bursella. In 
one plane this disposition of lymphatic vessels had the appearance of 
an irregular wheel, but, as shown in the dissection of the macerated 
specimens, the rimlike peripheral lymphatic capillary also received tribu- 
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Fig. 8—Photograph of an injected specimen of a dog’s thyroid; & 4. A sub- 
capsular lymphatic plexus is seen at the top of the figure. The lymphatics were 
injected with india ink. The alveolar nature of the interfollicular lymphatic plexus 
is shown. The very clear areas are groups of follicles surrounded by lymphatics. 
A free hand section was cleared by Spalteholz’ method. 


taries running in a plane perpendicular to it so that viewed in three 
dimensions the lymphatic capillaries formed a_basket-like enclosure 
of a limited area of parenchyma. The lymphatic capillaries as shown 


in figures 5 and 6 are much more coarse and bulky in structure than 


the blood capillaries and appear to be less refined circulatory channels 
in which the flow of fluid is but one way, namely, away from the 
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parenchyma. In comparison, the blood plexus, consisting of arteriole, cap- 


illary and venule is uniform throughout for each individual follicle and 
consists of a finer and more delicate network of vessels through which the 
flow is in two directions (figs. 9 and 10). The great majority of the 
lymphatic capillaries are in direct continuity with the bursellae but a few 
begin as blind ends of cecal-like pouches which rest among the follicles 
external to the follicular blood capillary plexus. These blind end 
lymphatic capillaries, like the bursellae, probably represent the absorb- 
ing units of the interfollicular plexus. The entire interfollicular lymphatic 
capillary network with the bursellae lies, with reference to the follicle, 
external to the blood capillary plexus and unlike the latter does not 


| 
Fig. 9.—Photograph of a human thyroid follicle with an injected blood capillary 
piexus showing the intimate relation of the blood capillaries to the individual fol- 


licle; * 85. This follicle with the blood capillary plexus was dissected from the 


normal human thyroid gland under the binocular microscope after fixation of the 
gland in a diluted solution of formaldehyde, U. S. P. (1:10) and maceration in 
a 50 per cent solution of hydrochloric acid at 60 C. 


completely and specifically embrace each individual follicle. Thus the 
lymphatic vessels do not come intimately in contact with the follicles as 
do the blood vessels but seem to be absorbing units for larger regions 
of parenchyma or groups of follicles. Differing thus from the blood 
capillary system, the lymphatic capillary system is not individually 
devoted to separate and distinct follicles but rather to the spaces between 
groups of follicles or regions of parenchyma which require a drainage 
system for the carrying away of tissue fluids, probably not the internal 
secretion of the parenchyma. The latter, purely from an anatomical point 
of view, would be more likely to enter the blood stream due to the fact 
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that a specific vascular network surrounds each individual follicle, and 
the epithelial cells rest directly on a blood vascular reticulum. The 
specific secretion of the thyroid follicle would therefore have to go out 
of its way to avoid the more delicate blood capillary plexus to gain access 
to the lymphatic capillary plexus. This would seem unlikely from the 
structure alone, but, of course, is possible. 

Serial sections were studied in order to determine the presence of any 
particles of ink either in the lumen of the follicles or within any so-called 
microlymphatic capillaries between the epithelial cells. However, in no 
instance in the 10, 20, 30 or 40 micron serial sections could there be 
demonstrated any communication between the lymphatic capillaries of 


Fig. 


10.—A photograph of the opposite side of the follicle shown in figure 9. 
This is merely to show the follicle is completely encompassed by a very abundant 
capillary network. 


the interfollicular plexus described and the lumina of the follicles. The 
particles of ink were never observed to have entered the lumina of 
the follicles or to have penetrated between the epithelial cells. As 


observed in the cleared sections, the lymphatic capillaries were always 
situated externally to the blood capillary plexus which specifically 
embraced each follicle. A microcapillary lymphatic reticulum internal 
to the blood capillaries and coursing between the epithelial cells compos- 
ing the follicles could not be demonstrated. 


The remaining lymphatic vessels of the thyroid may be divided into 
two main plexuses: (1) an intraglandular plexus, which is composed 
of large collecting trunks situated on the surface of the parenchyma along 
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the course of the septums, and which form frequent anastomoses with 
each other and the interfollicular plexus (fig. 11); (2) an extragland- 
ular plexus located about the outer surface of the thyroid external to 
the blood vascular network, which supplies the gland, but beneath or 
internal to th. fibrous capsule investing the thyroid (fig. 12). From the 


latter plexus originate the larger collecting trunks that accompany the 


superior thyroid vessels to the cervical lymph glands and also the trunks 
that form a reticulum in the pretracheal fascia draining into the medi- 














Fig. 11—Photograph of an injected specimen of thyroid of a dog, showing the 
intraglandular plexus along the course of 
parenchyma of the thyroid gland; * 12. 





one of the septums dividing the 
In the middle of the figure is a large, 
dense black trunk showing a blood vessel partially injected with mercury. To the 
right of this dense trunk can be seen the beginning of the efferent lymphatic trunks 
and their formation from the surface plexus, Y. In the upper left hand corner is 
a parathyroid gland, the lymphatics of which were not injected and evidently not 
in communication with the lymphatics of the thyroid. 


astinal glands (figs. 1, 2, 10 and 11). Except for an increase in size, 
the interfollicular, intraglandular and extraglandular lymphatic system 
of the human thyroid is identical with that of the gland in the dog. 
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COMMENT 


From a review of the previous contributions to the study of the 


intraglandular lymphatic plexus of the thyroid, one is forced to the 
conclusion that the method of direct puncture of a parenchymatous organ 


results in the injection of not only lymphatic vessels but also tissue 











Fig. 12—Camera lucida drawing of the surface or the extraglandular plexus of 
1 dog’s thyroid showing individual follicles of thyroid and the communications 
from the interfollicular plexus running into the large lacunae of the surface 
plexus; & 15.5. 


spaces and blood capillaries. This unsatisfactory method of injection 
resulted in many controversial reports and discussions in the literature 
which have persisted until the present time in a rather periodic manner 


as interest in the subject waxes and wanes, throughout the years. It 
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appeared that this problem was insoluble, until by good fortune four dogs 
were encountered which happened to be anatomically so designed as 
to afford a lymphatic plexus across the midline from one thyroid body 
to the other. Thus for the first time is was possible to inject completely 
only the lymphatic vessels of the thyroid gland and be certain that only 
the lymph channels had been injected. The narrow anastomotic lymphatic 








bane 





Fig. 13.—Photograph of the efferent trunks, b, draining the superior pole of 
the right thyroid, d, into the superior cervical lymph gland, a. C is the superior 
thyroid artery; X 2.1. 


plexus joining the two thyroids in the dog is inconstant and would seem 
to be present in about 10 per cent of the animals. This plexus cannot 
therefore be considered a normal drainage pathway, nor can it be thought 
of as a route of collateral circulation, for it has never been shown that 
the latter develops in the lymphatic system. The fact remains that since 
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this plexus is not one which functions as a series of efferent drainage 
lymphatic vessels, fluid injected into these vessels would flow unob- 
structed by valves into only the normal lymphatic channels of the gland. 
Therefore, by the maintenance of a constant head of pressure, complete 
injection of the finest ramifications of the lymphatic capillaries could 





Fig. 14—Photograph of the same specimen as shown in figure 13; 3.6. The 
lymphatic trunk is shown draining into the superior cervical lymph gland. a is 
the superior cervical lymph gland; b, the efferent lymphatic trunks of the superior 
pole, and c, the superior thyroid artery. 


be accomplished. The progression of the india ink within the thyroid 
also spoke for the completeness of the injection. Only a portion of the 
surface of the lower pole contiguous with the pretracheal plexus became 
filled with the solution of india ink, then the center of the thyroid became 
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injected, following which the surface lymphatic vessels and their drain- 
age trunks were in turn filled with ink. Apparently only certain regions 


of the interfollicular plexus are drained by specific trunks of the intra- 


glandular and extraglandular lymphatic vessels, and these in turn supply 


specific efferent trunks which join with similar large channels away from 
the gland. Therefore, to enter these different channels of the intra- 
glandular and extraglandular plexuses, the solution injected must com- 
pletely fill the interfollicular network under sufficient pressure to force 
the solution out along various routes of drainage. The incidence of 
occasional slight extravasations in the specimens proved the presence 
of sufficient pressure within the lymphatic capillaries. The fact that 
the right thyroid gland was jet black with the solution of ink that had 
filled the entire lymphatic system inside and outside of the thyroid, 
including the superior cervical and mediastinal lymphatic glands, and 
the fact that the long unbranching lymphatic capillaries composing the 
interfollicular plexus were bulging with the solution are evidence of 
the completeness of the injection. If any smaller capillaries had been 
present, they would have become filled or at least partially filled in some 
regions and in some instances. Thus it is felt that complete injection 
has been accomplished only of the lymphatic system. The simultaneous 
injection of the blood and lymphatic vessels with different colored masses, 
the former blue and the latter black, brought out in marked contrast 
the striking difference in the relation of these two systems to the 
individual follicles. 

The blood capillaries form a complete network about each follicle 
with the epithelial cells resting directly on the endothelial wall of the 
capillary (figs. 9 and 10). The blood capillaries in general run parallel 
to each other from the vessel of ingress to that of egress. The lymphatic 
capillaries form a much more coarse and less intimate plexus in regard 
to the follicles, being situated entirely outside of the blood capillary 
plexus. Individual follicles were nowhere observed to be served with 
a specific lymphatic reticulum or in direct contact with either the 
lymphatic capillaries or bursellae. The lymphatic plexus occupied the 
intervals between the parenchymatous elements and, from the apparent 
structure of this system, would serve to drain off the accumulation of 
nonspecific tissue juices. In certain regions of the cleared sections and 
also in the serial sections, one or more follicles would lie in the concavity 
of a bursella, but the blood capillary plexus always lay internal to the 
lymphatic vessels, and in no instance could any follicles be found that 
were completely surrounded by one or more bursellae. 

The intracellular and intercellular ducts described by Matsunaga 


were probably artefacts resulting from extravasations into tissue spaces 
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about the follicle. It is possible by injecting directly into the parenchyma 
of the gland to be studied, as Matsunaga did, to force the injection mass 
into channels other than the lymphatic vessels. Again, and that which 
seems more likely, is that Matsunaga mistook the thickenings or con- 
densations of the intercellular cement substance, called terminal bars 
that surround epithelial cells in a vast interlacing network, for micro- 
capillaries of the lymphatic system. Wilson '! recently showed that the 
“tubules” or “microcapillaries” of secreting epithelium are terminal bars 
which do not appear at all times, and which often appear only in localized 
areas of a tissue. For a complete discussion of the subject of micro- 
capillaries, one should refer to Wilson’s admirable contribution. Frey, 
Boechat, Navalichin and Baber undoubtedly injected successfully the 
interfollicular lymphatic channels, but unfortunately the tissue spaces 
as ‘well, which made their conclusion in part erroneous. Williamson 
and Pearse concluded that the lymphatic system in the thyroid was an 
open one, without having made injections into the gland. In this study 
the lymphatic system was found to be a closed one, as elsewhere in 
other regions and structures of the organism. The so-called “‘gland 
unit” described by Williamson and Pearse could not be demonstrated. 

In the study of the human thyroid it is to be admitted that the con- 
clusions arrived at are based to a great extent on analogy with the 
thyroid of the dog. However, in every instance in which an obviously 
good injection of the lymphatics was obtained in a region of the gland 
remote from the point of injection, the pattern of the interfollicular 
plexus was identical with that of the dog. It is to be recalled that the 
blood vascular system in man was previously injected with Gerota’s 
prussian blue mass. The extravasations into tissue spaces occurring 
about the point of injection were easily recognized and impossible of 
confusion with the intraglandular lymphatic system, after one had become 
acquainted with that of the dog. 

In order to be certain that the 10 per cent solution of india ink 
would penetrate the finest capillary bed, injections were made into the 
blood vascular system of the intestine and thyroid of the dog, with the 
result that the solution of ink permeated and completely filled the blood 
capillary branches. 


The exact location at which absorption occurs in lymphatic vessels 


has not been determined, but if some speculation in this respect may be 
permitted from a purely anatomic point of view, the blind cecal-like 
capillaries and the bursellae appear to me to be the chief centers of this 
activity in the thyroid. 


11. Wilson, Gale E.: The Nature of the So-Called Microcapillaries of the 
Thyroid Gland and Other Secreting Epithelia, Anat. Rec. 42:243 (May 25) 1929. 
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SUMMARY 


1. Complete injection of the lymphatic vessels of the thyroid gland 
of the dog has been accomplished by filling the lymphatic channels 


at a point remote from the gland. 
2. A comparative study has been made of the human thyroid as 


well as of the thyroid of the guinea-pig and of the cat. 
3. The lymphatic system of the thyroid is a closed one. 
4. It would seem unlikely, from a purely structural standpoint, that 


the specific secretion of the gland is transmitted by this system. 





PRIMARY CARCINOMA OF THE JEJUNUM 


REPORT OF A CASE * 


FRANKLIN I. HARRIS, M.D. 
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HAROLD ROSENBLUM, M.D. 
Intern, Mount Zion Hospital 


SAN FRANCISCO 


Primary carcinoma of the jejunum is of interest because of its rarity, 
because of its amenability to proper surgical treatment and because of 
its disturbing tendency to be overlooked in diagnosis. The jejunum is 
relatively highly immune to the development of primary carcinoma, more 
so than any other portion of the intestine, including the duodenum. 

Accurate estimation of the percentage of the occurrence of primary 
carcinoma of the jejunum is difficult because of its rarity, but a review 
of a large series of autopsies reveals that the incidence of this condition 
is roughly 1 per cent of all intestinal carcinoma. 


REVIEW OF THE LITERATURE 


A series of 41,883 autopsies at the Vienna General Hospital 
(Johnson *), including 343 cases of intestinal carcinoma, did not reveal 
a single case of carcinoma of the jejunum. 


In 1904, Nothnagel * found 9 cases in 3,585 deaths from cancer. In 
1927, Hellstrom * collected from the literature 70 cases of carcinoma of 
the jejunum and ileum in which operation had been performed, and 
added 3 more. Since then cases of carcinoma of the jejunum have been 
reported by Morrison,* Roblee® and d’Allaines,® 
a Case. 


who have each added 


Submitted for publication, Feb. 10, 1931. 
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Primary carcinoma of the jejunum occurs in persons relatively 
younger than those in whom carcinoma develops elsewhere in the intes- 
tines. The decade of greatest incidence ® is from 30 to 40, and men 
are affected about twice as often as women.* 

Type of Lesion The type of lesion observed on gross examination 
is most often a circular, constricting, scarred tumor. Less frequently, 
the growth is ulcerative and nonconstricting. Histlogically, the 
growth is nearly aiways adenocarcinomatous, frequently exhibiting a 
marked desmoplastic reaction. Colloid carcinoma of the jejunum occurs 
rarely.’ Primary carcinoma may be simulated by secondary melano- 
epithelioma and by secondary adenocarcinoma of the ovary and 
the uterus. Primary carcinoma of the jejunum metastasizes rela- 
tively late to the regional retroperitoneal lymph nodes. Roblee * showed 
that carcinoma of the jejunum can metastasize to the ovaries; this fact 
should be borne in mind in diagnosing and treating the latter condition. 

Symptoms.—The symptoms of carcinoma of the jejunum depend 
on whether or not the growth obstructs the intestinal lumen. The 
stenotic type, which is the commoner, causes epigastric distress and 
cramps, constipation and diarrhea, vomiting of large amounts of fluid 
(frequently bile-stained*) and, occasionally, visible peristalsis. There 
is no distention, fecal vomiting or palpable tumor. The nonstenotic 


type, rarer and more insidious, causes anemia due to hemorrhage— 


which is nearly always present and which may simulate pernicious 


anemia (Denck *)—easy fatigability and, during the later course ot 
the disease, emaciation. Anemia may be the only sign. 

Diagnosis —Carcinoma of the jejunum should be considered in the 
presence of colic in the upper portion of the abdominal midline with 
vomiting, particularly if the vomitus is bile-stained. Pvloric stenosis 
may be closely simulated. The presence of blood in the stools, other- 
wise unaccounted for, is important and suggestive. Roentgen examina- 
tion shows delaved emptying of the stomach, dilatation and atony or 
stenotic peristalsis in the occluding type and sometimes a frank defect 
in outline. Gastric analysis shows a low amount of absence of hydro- 
chloric acid due to the regurgitation of bile.'” 

Treatiment—The treatment for jejunal carcinoma is surgical. The 
operation may be radical or palliative, i. e., resection or gastro-enteros- 


tomy may be employed, the latter to give relief from obstructions. 


7. Craig, W. McK.: Lymph Glands in Carcinoma of the Small Intestines, 
Surg., Gynec. & Obst. 38:479, 1924. 

&. Cade, A., and Devic, A.: Cancer d l’'angle duodenojejunal, Arch. d. mal. 
de l'app. digestif 10:419, 1920. 

9. Denck, G.: Zentralbl. f. Chir. 54:154, 1927, 

10. Lundberg, S.: Carcinoma of the Duodenojejunal Flexure, Acta chir 
Scandinav. 56:417, 1924. 
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Radical treatment by resection resulted in a mortality of 38 per cent 
in 26 cases ( Venot et Parcelier') and 36 per cent in 70 cases (Hell- 
strom ®). The immediate mortality, however, was 70 per cent in those 
cases in which operation was performed during acute obstruction and 
only 18 per cent in those cases in which operation was done when no 
acute obstruction was present. The primary mortality in 23 cases of 
palliative operation (gastro-enterostomy) was 43 per cent, while the 
primary mortality in a series of 23 cases in which radical operation was 
performed was 36 per cent. Radical operation is considered the method 
of choice, because (1) regional lymph nodes appearing at the operat- 
ing table to be carcinomatous are frequently only inflammatory; (2) the 
spread of the growth is essentially slow; (3) the immediate mortality 
has been shown to be no greater, and (4) removal of the primary focus 
may cause a retardation or retrogression of metastaces. 

Prognosis.—Radical operation offers a 16 per cent chance of cure. 
Since the growth spreads slowly and is comparatively easily removed 
in early, uncomplicated cases, earlier diagnosis would improve this per- 
centage. The nonoccluding type of carcinoma offers a poorer outlook 
because of its insidious manner of growth. 


REPORT OF A CASE 


History—Mrs. B. W., a white woman, aged 42, an American housewife, 
entered the hospital on Feb. 24, 1930. She presented weakness, pallor, shortness of 
breath and pain in the back. Her mother had died at the age of 54 of "obstruction 
of the bowel ;” otherwise the familial history was irrelevant. 

Three years previous to admission, curettement had been done. This was fol- 
lowed by left salpingo-oophorectomy and appendectomy. The eyes, ears, 
mouth and throat were normal. 


The 


nose, 
Constipation had been present for several years. 
nito-urinary tract had been normal. Menstruation began when the patient 
. Menorrhagia and dysmenorrhea had always been present. Nine years 
previously, the patient began having odorous, black, vaginal discharges following 
each period and lasting almost until the next. Relief was given by the operation 
previously noted. The patient was married at the age of 34; there had been no 
pregnancies. The average weight of the patient was 128 pounds (58.1 Kg.). The 


ge 
was 15 


weight on admission to the hospital was 115 pounds (52.1 Kg.); one year pre- 
viously it was 122 pounds (55.3 Kg.). Her habits were good. 

About two and one half years previous to admission, the patient noticed weak- 
ness, pallor and nervousness, which gradually increased. Later the patient 
consulted a doctor, who said that she had pernicious anemia; she was treated with 
injections of iron and was given a liver diet. About that time she began to 
notice cramplike pains in the upper abdominal region; this condition was not 
relieved by food or sodium bicarbonate, and it was not associated with vomiting. 
She also noted increasing dyspnea on exertion and edema of the ankles. The 
aforementioned symptoms became progressively worse. The patient then began 
to note a numbness of the fingers and the toes and a dragging ache in the lumbar 
region. There was no history of vomiting, bloody or tarry stools, icteric or clay- 


11. Venot et Parcelier: Rev. de chir. 47:678, 1913. 
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colored stools. The mouth and the tongue were sore. 


There were no urinary 
symptoms. 


On two occasions during the year and a half preceding her admission 
to the hospital, roentgen examinations of the gastro-intestinal tract did not show 
any pathologic condition. 

Physical Examination.—The patient was a pale, emaciated, apprehensive 
woman of about 42; she complained of pain in the back. The skull and the scalp 
were normal. The skin and the mucous membrane were markedly pale. The 
eyes reacted normally to light and in accommodation, and the pupils were equal 
and regular. The nose, mouth and throat were normal. There was no glandular 
enlargement in the neck, and the thyroid gland was of normal size. Examination 
of the thorax gave negative results. The expansion of the lungs was full and 


equal; there was a vocal fremitus; percussion was resonant; auscultation gave 


negative results. The breasts were wasted; there were no masses. The heart 
showed the apex visible and palpable in the fourth interspace in the midclavicular 
line; the beat was forceful; the rate was 88; the rhythm was regular; the tones 
were loud and high pitched. There was a blowing systolic murmur at the pul- 
monic area transmitted down the left sternal border and toward the apex. The 
arteries of the peripheral vessels were not palpable. The blood pressure was 144 
systolic and 70 diastolic. The abdomen was moderately distended. There was a 
scar in the lower portion of the abdominal midline extending from the umbilicus to 
the pubes. There was no tenderness; the liver and the spleen were not felt; 
masses were not palpable. Pelvic examination showed a contracted vaginal 
outlet. The uterus was atrophic and was fixed in the anterior position by adhe- 
sions. The fornices were normal. The cervix was atrophic, but otherwise healthy 
in appearance. Rectal and proctoscopic examinations gave negative results. There 
was slight edema of the feet and ankles. The reflexes were brisk. There were 
no pathologic reflexes, and there was no impairment of the sense of position or of 
vibration. Moderate diffuse tenderness was present in the region of the sacro- 
iliac joints. 

Laboratory Examination.—On February 24, examination of the blood showed: 
hemoglobin, 16 per cent; red blood cells, 970,000; white blood cells, 11,650; poly- 
morphonuclears, 88; lymphocytes, 8; basophils, 1; transitionals, 3; reticulocytes, 
2.5 per cent; platelets, 200,000; color index, 0.45; icteric index, 3; marked achromia 
and anisocytosis. Urinalysis gave negative results, except for a few pus cells. 
The urobilinogen was normal. 

Examination of the stool gave negative results, except for occult blood, 3+. 
Examination of 20 cc. of the contents of the fasting stomach revealed: a colorless 
specimen, a normal amount of mucus and of rennin, no micro-organisms and 
absence of free hydrochloric acid. The tests for pepsin and for occult blood gave 
negative results. 

An Ewald meal was given, and the first specimen, 10 cc. of the contents of 
the stomach, showed: a colorless specimen, a normal amount of mucus and of 
rennin, hydrochloric acidity 10, and total acidity 38. The test for pepsin gave 
negative results. 

The bleeding time was one and one-half minutes, and the coagulation time, five 
minutes. The blood belonged to blood group no. 2 (Moss). 

After the transfusion of 500 cc. of whole blood on February 25, the hemoglobin 
was 31 per cent and the red blood cells numbered 2,800,000. 

February 28: Roentgen examination by Dr. Lloyd Bryan showed: lung fields, 
clear; heart and arch, normal; no delay in the esophagus; good tone, good posi- 
tion and free movement of the stomach; no defects in gastric outline; peristalsis, 
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moderate; antrum and pylorus, smooth; cap, large, and smooth in outline. There 
vas considerable dilatation and delay in the descending and transverse duodenum. 
In the last portion of the duodenum there was a narrow constricted area directly 
beyond which there was a round smooth indentation about 2.5 cm. in diameter, 
which suggested a polyp or a benign tumor (fig. 1). A diagnosis of pancreatic 
tumor or some other type of retroperitoneal tumor, with pressure on the small 
bowel, could not be excluded. An opaque enema showed the colon to be normal. 

March 3: After the transfusion of 500 cc. of whole blood, the hemoglobin was 
53 and there were 4,100,000 red blood cells. 





} 


| 


iz » Xi 


Fig. 1—Roentgenogram showing a polypoid-like irregularity in the first part 


of the jejunum. This mass proved to be carcinoma. The same radiographic pic- 
ture was seen on plates taken six months previously, but no significance was 
ittached to it at that time. 


Preoperative Diagnosis—(1) A polyp in the first portion of jejunum; ( 
carcinoma of the body of the pancreas. 


2) 


Operative Procedure—March 4: An incision was made in the upper midline, 
\Vhen the peritoneal cavity was opened no free fluid was noted. The mesocoion 
vas lifted back on the epigastrium, and the proximal portion of the jejunum was 


exposed. It was noted that in the region of Trite’s ligament, the jejunum was 
bsolutely fixed and seemed to extend from a large hard mass which appeared to 
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be retroperitoneal and to involve the entire surface of the pancreas. Digital 
exploration of the lumen of the fixed portion of the jejunum showed it to be con- 
stricted so that the latter could not be moved; it appeared to have a hard 
cartilaginous lining which was suggestive of annular malignancy within the bowel 
at the portion of the jejunum immediately distal to the duodenojejunal junction. 
No attempt was made to explore this mass further, as it seemed to be fixed and 
there was apparently a hemorrhagic infiltration into the free portion of the 
jejunum as it came out of the mass. A small gland was felt at the mouth of the 
mesentery of this proximal portion of the jejunum, and this was carefully excised 
and saved for microscopic examination. 

In view of the fact that the duodenojejunal region apparently was doomed to 
absolute obstruction in the near future, it was decided to do a gastro-enterostomy. 
This was done in the usual manner. A little difficulty was encountered in going 
through the mesccolon, for it appeared to be closely adherent to the posterior 
wall of the stomach, possibly the result of an inflammatory reaction from the 
malignant process occupying part of the lower segment. There were also noted 
in the anterior region of the wall of the stomach two small, hard nodules, the size 
of a pinhead, which were suggestive of metastases. Exploration of the liver 
showed it to be apparently free from metastases, and no glands were felt in the 
mesocolon or the omentum. The abdominal incision was closed by heavy, braided 
silk, 

The postoperative diagnosis was retroperitoneal tumor, possibly sarcoma; 
carcinoma of the pancreas. 

Postoperative Course-—The patient’s convalescence was satisfactory for the 
first five days following operation. On the sixth day after operation, symptoms 
developed that were suggestive of partial intestinal obstruction. These symptoms 
and signs were very indefinite, however, and continued with some remission until 
March 16, wheySthe patient’s condition took a sudden turn for the worse and 
operation was again performed. A complete intestinal obstruction was found due 
to knuckling of a loop of small bowel which was incarcerated in some old adhesive 
bands low down in the pelvis; this condition was the result of a laparotomy per- 
formed three years before. The patient was in extremely poor condition, and died 
the following day. 


The following observations were made at autopsy by Dr. G. Y. Rusk, 
professor of pathology, University of California Medical School : 


Overlying the spinal column behind the stomach and extending to about 5 cm. 
below the pancreas was a mass of tissue. This region was removed, together with 
the adjacent viscera. The stomach was of normal size. A gastrojejunostomy had 
been performed, the operative region being in excellent condition. The stoma 
readily admitted two fingers. The mucous membrane of the stomach, except for 
this opening, appeared to be normal. On continuing the opening of the intestinal 
tract at a point just beyond the duodenum there was found an extensive, ulcerated 
rough area with excrescences from granular to nodular and with apparently 
persistent mucous membrane scattered over a hyperemic surface. The ulcerated 
area encircled the intestine for a distance of about 7 cm. The wall of the intestine 
showed some slight thickening, but in general the condition appeared to extend 
superficially rather than to invade. At approximately the center of the ulccrated 
area, on its superior and posterior aspects, a channel occurred which admitted the 
little finger, and a mass of tissue extended upward and backward behind the pan- 
creas and behind the stomach. This mass of tissue formed an irregular, broad 
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Fig. 2—Diagrammatic sketch showing extent of tumorous mass arising from 


the primary carcinoma of the jejunum. 


Fig. 3—Drawing made from autopsy showing the primary papillary adenocar- 


cinoma of the jejunum. 
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cord, externally fibrotic, but on section showing irregular patches of necrosis and 
at times fine stippling in a background of translucent connective tissue. The 
fibrotic reaction extended into the pancreas as it passed. There were adhesions in 
the lesser sac, and the upper portion of this mass formed a bulging area on the 
posterior wall of the stomach directly to the right of the midline. This bulging 
covered an ovoid area about 3 by 4 cm. No evidence of distant metastasis was 
found. Following the lumen of the jejunum, the gastrojejunostomy was again 
encountered. 

The internal genitalia were matted in chronic adhesions, as previously noted. 
The uterus and the bladder appeared to be normal. The right ovary seemed small 
and showed superficial adhesions. The mesenteric lymph nodes appeared moder- 
ately enlarged, but were otherwise normal. 

Under microscopic examination, sections of the carcinoma that were taken from 
the jejunum adjacent to the point of perforation showed a bit of mucous mem- 
brane with normal epithelium which ceased rather suddenly. Here the surface 
showed the same characteristics of the general carcinomatous process. The new 
growth abruptly broke through the submucosa and consisted of a more or less 
delicate branching stroma in the interstices of which there was a papillary adeno- 
carcinomatous structure (fig. 3). The epithelial cells of the growth were of a 
fairly uniform type; they were cuboidal and were usually one layer thick; occa- 
sionally they formed small thickened clusters. In the stroma there was a mod- 
erate amount of lymphocytic infiltration in places, and two small thrombosed 
vessels were seen. Several sections taken from the depths showed extensive 
necrosis ; groups of adenomatous and papillary structures were seen in the necrotic 
regions; there were also areas in which the carcinomatous tissue grew diffusely, 
and there was a more or less desmoplastic background. At the various levels, 
cells in mitotic division occurred, but they were not numerous. 

The liver, pancreas, spleen, stomach and kidneys showed no evidence of metas- 
tatic involvement. 

SUMMARY 

In cases of primary carcinoma of the jejunum that have been 
reported, this growth is noted for its infrequency. The history of the 
present case illustrates the error which is frequently made, namely, the 
diagnosis of this condition as pernicious anemia. Roentgen examina- 
tions by a competent man may also give erroneous results, unless the 
clinician directs the roentgenologist’s attention to a careful examination 
of the intestinal tract immediately beyond the stomach. 

Insufficient importance is attached to the patient’s complaint of 
pain in the lower portion of the back which is associated with severe 
anemia. This symptom should make one suspect the presence of a 


tumor in the region of the pancreas. The reference of pain from lesions 
in this locality is not generally known, and in cases of anemia it 1s 


often assumed to be due to the usual asthenia associated with both 
primary and secondary anemia. 

Early diagnosis lends hope for radical resection with cure, as dis- 
tant metastases are relatively infrequent. The case presented demon- 
strates an advanced growth which showed extension only into the 
immediate retroperitoneal region of the pancreas and the stomach, with 
no involvement of the adjacent mesenteric lymph nodes. 








OSTEOGENIC SARCOMA OF THE LEFT TIBIA IN 
A PATIENT WITH OSTEITIS DEFORMANS * 


PAUL J. BRESLICH, M.D. 
The John Jay Borland Fellow in Medicine 


CHICAGO 


A review of the reports in the literature concerning the incidence of 
sarcoma in bones affected by osteitis deformans suggests that this com- 
plication may not be as common as the original work of Paget * indicated. 
Osteitis deformans is a comparatively rare disease, and in 1927, Bird * 
found that the incidence in the larger hospitals of Boston was only 1 in 
every 15,000 patients admitted. This agreed with the results reported 
by Da Costa, Funk, Bergeim and Hawk,’ who observed only 3 cases 
among 38,000 patients admitted to the Jefferson Hospital in Phila- 
delphia. In 1901, Packard, Steele and Kirkbride * collected 67 instances 
of osteitis deformans, of which 5, or about 7.5 per cent, were com- 
plicated by sarcoma of the bone. Higbee and Ellis * stated that at least 
5 of 158 instances of Paget’s disease reported up to January, 1911, were 
associated with sarcoma of the bone, and Bird * in searching the records 
of four Boston hospitals found that among 64 patients with osteitis 
deformans 7 had sarcoma of the bone. Speiser® stated that in 6 of 
approximately 150 cases of osteitis deformans that he collected in 1928 
the bones had undergone sarcomatous degeneration. The incidence of 
sarcoma in Paget’s disease has been estimated as high as 10 per cent, 
but according to Speiser ® it is about 2 per cent, since so many uncom- 
plicated cases of osteitis deformans have not been reported. Even with 
an incidence of 2 per cent, Speiser © expressed the belief that sarcoma 


* Submitted for publication, Feb. 1, 1931. 
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occurs about thirty times more frequently in combination with Paget’s 
disease than statistics dealing with the occurrence of sarcoma of the 
bone in general would lead him to expect. 


REPORT OF A _ CASE 


J. C. D., a white man, aged 65, when first admitted to St. Luke’s Hospital on 
Dec. 7, 1928, complained of dull, aching pains of several years’ duration between 
the scapulae, along the spine, in both hips and in the left leg. For ten years he had 


lig. 1—The medial side of the left leg. 


noticed that his legs were slowly bowing outward, and about fifteen months before 
entering the hospital he had bruised the left shin. 


Pain and tenderness persisted 
and gradually became severe. 


The roentgenograms demonstrated a cystlike region 
in the left tibia at the junction of the middle and lower third of the bone, which 
otherwise showed the changes usually found in osteitis deformans. Seven years 
previously the right femoral vein was thrombosed, and because of blood-stained 
sputum a diagnosis of infarct of the lungs had been made. Since then there had 
been progressive muscular weakness and dyspnea on physical exertion. No other 
instances of Paget’s disease had occurred in the family. The cyst of the bone was 
curetted and drained; it contained only a small amount of changed blood. As the 
pain in the left leg did not subside, the patient returned to the hospital, and on 
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ct, 7, 1929, Dr. L. L. McArthur reopened the tissues and curetted out several 
eces of opaque white tissue of the consistency of a hyperplastic lymph node which 
ere diagnosed as osteogenic sarcoma. The examinations of the blood made at 
this time disclosed: 4,530,000 erythrocytes, 91 per cent hemoglobin and 13,900 
leukocytes per cubic millimeter. The calcium of the blood varied from 11.09 to 
12.2 mg. per hundred cubic centimeters of serum and the phosphorus from 3.83 

3.9 mg. per hundred cubic centimeters. The excretion of calcium in the urine 
aried from 0.142 to 0.217 Gm. per twenty-four hours, while the inorganic phos- 
phorus excreted was about 0.6 Gm. No changes were observed in the urine. The 
patient was discharged four days after admission and returned on December 2, 
the tumor having increased in size. On the following day, Dr. L. L. McArthur 
umputated the -left leg near the middle of the thigh. Except for a slight post- 
perative fever, the patient recovered rapidly from the operation and was dis- 
charged on December 24. He died outside of the hospital on Aug. 10, 1930, 
and although a postmortem examination was not made, clinically there were no 
metastases and no recurrence of the sarcoma. 

The following descriptions are taken from laboratory records of the hospital 
as reported by Dr. Edwin F. Hirsch. The material removed from the growth 
in the left tibia by Dr. L. L. McArthur on Oct. 7, 1929, was embedded and cut by 
the paraffin method, and sections were stained with hematoxylin and eosin and 
phosphotungstic acid-hematoxylin. Histologically, the growth consisted of meso- 
blastic tissue, the cells of which were closely laid together in a mosaic. They had 
an abundant granular cytoplasm and large oval vesicular nuclei with large gran- 
ules of chromatin. In the interstices between the cells there was a variable amount 
f hyaline substance. In edematous regions where the cells were more widely 
separated, the matrix was laid down in coarse fibrils and showed marked affinity 


e 


or the purple of the hematoxylin and eosin stain. Small masses of necrotic bone 
were irregularly distributed. Many cells were in active mitosis. In_ sections 
stained with phosphotungstic acid-hematoxylin the hyaline matrix had an orange- 
red color like that of bone. 

The left leg was amputated above the knee. There were two defects of the 
skin above the knee where flaps had been cut away, and the tissues included the 
distal! 8 cm. of the femur. The cortex of the femur at the level of amputation 
was 1.5 cm. in thickness, and the medullary canal was 1.4 cm. in diameter. The 
medullary tissues were soft red marrow supported in a meshwork of narrow bone 
trabeculae. There was an ovoid swelling in the tissues of the lower part of the 
leg, the center of which was 9 cm. above the internal malleolus. The skin over 
this swelling was ulcerated in a region 4 by 3 cm., and the margins of the ulcer 
vere raised about 1.5 cm. above the surrounding tissues of the skin. Beneath the 


ulcer was a hard mass firmly attached to the bone, and when the soft parts 
were stripped away there was an anterior bowing of the tibia equal to about 3 
m. On the surfaces made by bisecting the tibia sagittally the new growth 


involved the shaft of the bone in its entire thickness and circumference; it was 
bout 8 cm. in diameter. The white granular tumor tissue was mottled with a 
few small hemorrhages. The thickness of the cortex of the tibia immediately 
ibove and below the tumor was 1.2 cm., and the bone was coarsely porous and 
soft. The cortex gradually thinned out proximally so that just below the knee 
the thickness was about 0.5 cm. The marrow canal was 1 cm. in diameter near 
the tumor and it widened proximally as the cortex decreased in thickness. The 
periosteum over the thickened cortex was as thick as 3 mm. The articular car- 
tulages of the tibia were unchanged, and the lymph nodes in the popliteal space 
vere not enlarged. 
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Fig. 2—The inner half of the left tibia after it has been divided longitudinally 
in the sagittal plane. The cortex of the shaft is coarsely porous and increased in 
thickness. 


_—- 





Fig. 3—Photomicrograph illustrating the spindle cells of the tumor tissue 


beneath the skin. 
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Fig. 4—Photomicrograph illustrating myeloid giant cells in certain 


portions 
of the tumor. 











Fig. 5.—Photomicrograph of osteoid tissue in the tumor. 
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Histologically, the tissues from the tumor under the skin were compact masses 
of spindle and oval cells with a scant fibrous stroma. The cytoplasm of the cells 
was light pink, finely granular and abundant; the nuclei varied considerably in 
size, shape and chromatin content, and many cells were in mitosis. Giant cells 
were scattered singly or in groups in the tissues; most of them had four or five 
nuclei, but some had twenty. The tumor was moderately vascular, and the capil- 
laries were surrounded by masses of tumor cells. Portions of the tumor were 
necrotic and infiltrated with polymorphonuclear leukocytes. Tissues taken from 
the marrow canal closely resembled those from the mass under the skin, except 
that they contained regions of osteoid tissue. In sections of the cortex taken 
from the tibia just above the tumor, the spongy bone consisted of narrow irregular 
trabeculae and spicules. The edges of the trabeculae of the bone were extensively 
eroded, and in many of the crypts there were myeloid giant cells. The trabeculae 
were covered by a narrow layer of osteoblasts. A loose, irregularly arranged 
fibrous tissue containing a few scattered fat cells were supported by this bony 
framework. There were also many dilated, thin-walled capillaries, and in some 
places, masses of plasma cells and lymphocytes as in chronic inflammation. 


All of the writers who have reported cases of sarcoma in bones with 
osteitis deformans agree that the relation between the two diseases is 
more than a mere coincidence. Gruner, Scrimger and Foster? stated 
that the chief difference histologically between the tumor tissue and the 
fibrous tissue between the trabeculae of the diseased bone is the apparent 
unrestrained growth of the former and that the tumor growth seems to 
be added to an already altered osseous tissue. Von Albertini,® in a 
report on the pathologic process in Speiser’s case stated that the marrow 


in the bones affected by Paget’s disease was in many places converted 
into a cellular sarcomalike tissue composed of large spindle cells. This 


tissue did not invade or destroy the surrounding structures, and von 
Albertini * considered it an intermediate stage between the chronically 
inflamed fibrous marrow and the associated polymorphocellular sarcoma. 
He concluded that while osteitis deformans may not necessarily be a 
presarcomatous disease, in some instances it may give rise to pre- 
sarcomatous tissue. In the case reported by Fedder ° there were multiple 
tumors in the diseased bones. As the normal bones were not involved, 
Fedder ® suggested that the affected bones had undergone malignant 
degeneration in many places. Speiser’s patient attributed the onset of 
the tumor to a trauma, but von Albertini® believed that the chronic 
inflammatory changes in the bone marrow were of far greater etiologic 
importance. On the basis of roentgen and histologic examinations, 

7. Gruner, O. C.; Scrimger, F. A. C., and Foster, L. S.: A Clinical and 
Histological Study of a Case of Paget’s Disease of the Bones with Multiple Sar- 
coma Formation, Arch. Int. Med. 9:641 (June) 1912. 

8. von Albertini, A.: Ueber Sarkombildung auf dem Boden der Ostitis 
deformans Paget, Virchows Arch. f. path. Anat. 268:259, 1928. 


9. Fedder, L.: Ostitis deformans mit sekundaren Rundzellensarcomatose, 
Fortschr. a. d. Geb. d. R6ntgenstrahlen 31:391, 1924. 
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Stéhr 2° concluded in his report that a pathologic fracture of the bone 
was the stimulus that gave rise to a polymorphocellular sarcoma. 

About 22 instances of sarcoma involving bones affected by Paget’s 
disease have been reported; 19 of these cases occurred in men and 3 in 
women. The ages of the patients ranged from 36 to 72 years; the 
average age was about 55. The time elapsing between the onset of 
Paget’s disease and the appearance of the sarcoma was frequently 
unknown, but in 7 of 12 patients, osteitis deformans was known to have 
existed for ten or more years. In several instances, Paget’s disease of 
the bone was not suspected until it was demonstrated by roentgenograms 
of the tumor. In 6 cases there was a definite history of trauma. 

All of the tumors described by Bird * were fibrosarcomas with more 
or less production of bone and giant cells. He considered the giant 
cell tumors reported by Packard, Steele and Kirkbridge * and by Heaz- 
litt’? as new growths of this nature. The tumor reported by Gruner, 
Scrimger and Foster* was an osteogenic sarcoma and that reported 
by Fedder,® a round cell sarcoma, while the bone described by Ranso- 
hoff 77 was diagnosed as a mixed cell sarcoma. Most of the tumors 
grew rapidly and metastatized widely. 

It is interesting to note in the case herein reported that the concen- 
tration of phosphorus in the blood was within normal limits, and the 
amount of calcium in the blood was only slightly elevated. 


SUMMARY 

A review of the literature discloses that sarcoma is a relatively fre- 
quent complication of osteitis deformans (Paget’s disease), although 
only about twenty-two reports concerning this condition include a com- 
plete pathologic description. 

Sarcoma of the left tibia, developing in a patient who had had 
Paget’s disease for ten years preceding the appearance of the tumor, is 
described. 


10. Stéhr, F.: Ueber Sarkombildung bei Ostitis deformans Paget, Wien. med. 
Wchnschr. 79:1231, 1929. 

11. Heazlitt, L.: Sarcoma Complicating Primary Paget’s Disease of the Bone, 
New York State J. Med. 17:330, 1917. 

12. Ransohoff, J.: Osteitis Deformans, Central Sarcoma, Streptococcus Infec- 
tion, Lancet-Clinic 110:672, 1913. 
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CONGENITAL MALFORMATIONS OF THE INTES- 
TINAL TRACT AND BILE DUCTS IN 
INFANCY AND IN CHILDHOOD * 


WARREN H. COLE, M.D. 


ST. LOUIS 


In a series of 45,000 admissions to the St. Louis Children’s Hospi- 
tal during the past fifteen years there have been 81 instances (see table) 
of congenital malformation of the intestine and bile ducts. Obviously, 
most of the lesions herein described occurred in new-born infants, many 
of whom were admitted from the maternity wards of Barnes Hospital. 

Although hypertrophic pyloric stenosis, as seen in infants, is 
dependent on a congenital cause, it will not be discussed in detail since 
a review of the cases occurring in this clinic was recently made by 
Clopton and Hartmann.’ They reported a total of 81 cases in which 
an operation was performed. The history in these cases is usually 
typical. The first two or three weeks of life may be uneventful or 
broken by an occasional attack of vomiting. During the third or fourth 
week the obstruction becomes most marked and the vomiting is prac- 
tically always projectile. A tumor may or may not be felt. Peristalsis 
can usually be demonstrated, especially after feeding. The occurrence 
of dehydration and alkalosis may be rapid. Clopton and Hartmann 
strongly emphasized the fact that an operation should never be con- 
sidered until these two factors are controlled by “combined” solution, 
dextrose, transfusions, etc. The method of administration of Hart- 
mann’s combined solution is given elsewhere. The most remarkable 
feature of their report is the reduction of the mortality to 4 per cent 
in the last 50 cases. The correction of dehydration and alkalosis along 
with the careful specific operative technic advocated by Clopton prob- 
ably accounts for this sharp reduction in mortality. The operation is 
performed on an improvised hot water table after the extremities have 
been wrapped with roll cotton. Rarely does the local anesthetic (025 


* Submitted for publication, Dec. 26, 1930. 


*From the Department of Surgery, Washington University School of Medi- 
cine, and St. Louis Children’s Hospital. 


* The cases reported are from the service of Dr. M. B. Clopton, at whose 
suggestion the work was undertaken. Dr. W. McKim Marriott allowed the inclu- 
sion of many cases from the medical service of the St. Louis Children’s Hospital. 

1. Clopton, M. B., and Hartmann, A. F.: The Fredet-Rammstedt Operation 
for Congenital Pyloric Stenosis, Surg., Gynec. & Obst. 47:527, 1928. 
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ner cent procaine hydrochloride) have to be supplemented by a general 
inesthetic, especially if the incision is made high on the right side so 
that the liver aids in preventing evisceration. The tumor is split by a 
blunt dissector longitudinally over an avascular area down to the sub- 
mucosa, until the normal tough intestinal or gastric wall is encountered 
on each end. Just before one ties the last suture in the peritoneum, 
from 100 to 150 cc. of physiologic solution of sodium chloride, Ringer’s 
solution or combined solution should be introduced into the peritoneal 
cavity. About four hours after operation, water and feedings are 
allowed, from % to 1 ounce, and gradually increased to normal by the 
third or fourth day. The details of the care of the infants and technic 
of operation are given by Clopton and Hartmann. 


Since intussusception is not dependent on an obvious congenital 
deformity that can be visualized, this subject will also be omitted in 
the present survey. In a recent publication, Clopton * emphasized the 
importance of making an early diagnosis in these cases, since the mor- 
tality figures increase rapidly with the duration of symptoms. In a 
review of the literature on intussusception he was able to find only a 
few cases in which the patient survived operation when a resection 
was necessary. On the other hand, when the intussusception had been 
present only a few hours and there was no gangrene, few deaths 
occurred. 

MALFORMATION OF THE INTESTINE 


Incidence.—Perhaps the first instance of malformation of the intes- 
tine is that reported by Calder*® in an infant with atresia of the 
duodenum. In 1912, Spriggs * made an exhaustive study of the sub- 
ject, assembling the reports of 328 cases from the literature (excluding 
occlusiens of the pylorus and anus). He made a thorough study of the 
possible etiologic factors. In 1922, Davis and Poynter * collected the 
cases of intestinal atresia reported in the literature, recording a total 
of 401, and classified them as follows, according to the area involved: 
duodenum, above the papilla, 59 cases ; duodenum, below the papilla, 75; 
jejunum, 60; ileum and cecum, 101; colon, 39, and multiple atresia, 67. 
From their classification it can be seen that in almost exactly 33 per cent 
of cases the atresia occurred in the duodenum. 


2. Clopton, M. B.: Intestinal Obstruction in Infants, J. Missouri M. A. 25: 
137, 1928. 

3. Calder, J.: Medical Essays and Observations, Edinburgh, Philosophical 
Society 1:203, 1733; quoted by Davis and Poynter (footnote 5). 


4. Spriggs, N. I.: Congenital Intestinal Occlusion, Guy’s Hosp. Rep. 66: 143, 
1019 


5. Davis, D. L., and Poynter, C. W. M.: Congenital Occlusions of the Intes- 
tines, Surg., Gynec. & Obst. 34:35, 1922. 
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By combining the reports of Quinland ® and von Koos,’ Thorndyke * 
found an incidence of 1 case of atresia of the intestinal tract to 9,288 
births in a series of 371,541 births. Two instances of complete atresia 
ef the intestine (duodenum and terminal ileum) were encountered in 
6,300 births occurring in the maternity wards of Barnes Hospital. It 
must be remembered, however, that the foregoing figures deal only with 
atresia and that the occurrence of stenosis or partial occlusion by bands, 
etc., is far more frequent than that of atresia. Atresia at the pylorus 
apparently is rare. I was able to find reports of only four cases in the 
literature. 

Morbid Anatomy.—Four different types of obstruction due to con- 
genital malformation are recognized: (1) Peritoneal Bands: This is 
perhaps the one most frequently encountered. In many instances the 
obstruction is only partial, and occasionally the patient may grow to 
maturity before the condition requires operative intervention. These 
bands are perhaps more frequently encountered in the ileocecal region 
and about the duodenum than anywhere else. Although the impression 


might be gained that the bands are secondary to inflammatory processes, 


I am inclined to believe that they are dependent on embryonic defects, 
such as an excessive deposit of tissue at points of fixation (e. g., the 
duodenum) or abnormal fixation of embryonic structures which 
normally are obliterated before birth. (2) Stenosis: This type is fre- 
quently encountered, usually revealing a narrowing of the bowel over 
a variable distance with constriction of the lumen to a size barely 
admitting a probe. Occasionally the stenosis is so marked that nothing 
more than a fibrous cord intervenes between the segments of normal 
bowel. Usually the stenosis extends over a distance so great that an 
anastomosis is necessary to correct the defect, but in two of the present 
cases the stenosed portion (pylorus and terminal ileum) was so short 
that a Mikulicz operative procedure was sufficient to relieve the obstruc- 
tion. (3) Atresia: Occasionally the termination of normal bowel is 
so abrupt that a blind loop is formed, usually without tissue (such as 
a fibrous cord) intervening between the segments of normal bowel. 
About 15 per cent of atresias of this nature are multiple. (4) 
Diaphragm: In the duodenum and ileocecal region, rarely elsewhere, a 
diaphragm of tissue is occasionally found which abruptly breaks the 
continuity of the lumen. The patency of the lumen is regained imme- 
diately distal to the diaphragm. In some instances this diaphragm has 

6. Quinland, W. S.: Congenital Malformation of Intestine: Atresia and 
Imperforate Anus, Boston M. & S. J. 187:870, 1922. 

7. von Koos, A.: Congenital Atresia of the Duodenum, Jahrb. f. Kinderh. 
93:240, 1920. 

8. Thorndyke, A.: Duodenal Atresia and Stenosis in Infancy, Boston M. & 
S. J. 196:763, 1927. 
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no opening to allow passage of the intestinal contents ; usually, however, 
an opening is present. Cannon and Halpert® recently reported a case 
of perforated diaphragm of the duodenum in a girl, 8 years of age, 
whose death presumably was caused by a rupture’ of the stomach which, 
in turn, was probably produced by the administration of enemas con- 
taining excessive amounts of fluid. They were able to find the records 
of five cases in which there was complete obstruction produced by an 
imperforate diaphragm interrupting the lumen of the duodenum at 
about the level of the papilla of Vater. As far as Cannon and Halpert 
could determine, only two cases besides their own had been reported in 





ij 8 


Fig. 1—Congenital malformations occurring in the intestine: (1) stenosis with 
partial obstruction ; (2) occlusion with a blind loop; (3) blind loop with a gap in 
the mesentery; (4) obstruction by a fibrous band (found usually in the third part 
ot the duodenum or the terminal ileum); (5) obstruction at the ligament of 
Treitz; occasionally an anomalous superior mesenteric artery is the chief factor 
in producing the destruction (see report of cases) ; (6) cross-section of intestine 
showing perforated diaphragm; this occurs usually in the duodenum or the ter- 
minal ileum; (7) cross-section of imperforate diaphragm, and (8) multiple occlu- 
sion of the ileum or jejunum; this constitutes about 15 per cent of the atresias of 
the intestine. Clinically, the dilatation of the proximal loop with collapse of the 
distal loop, is usually even more pronounced than shown in the illustration. 





9. Cannon, P. R., and Halpert, Béla: Congenital Stenosis of the Third Por- 


tion of the Duodenum with Acute Occlusion and Rupture of Stomach, Arch. Path. 
8:611 (Oct.) 1929, 
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which the opening in the congenital diaphragm was so small that obstruc- 
tion was produced when the child’s diet was changed from liquid to 
solid food. (5) Defective Rotation: Innumerable possibilities exist 
for the production of obstruction because of incomplete or defective 
rotation. Anomalies of this kind were thoroughly discussed by Dott. 


Etiology.—Numerous theories have been expressed in an attempt to 
explain the production of the various occlusions found. To understand 
them fully and to attach proper importance to the respective theories, 
a brief discussion regarding the embryology of the intestine should be 
included here. Until the fifth week of fetal life the alimentary tract 
in the human embryo is a straight tube. Shortly afterward the tube 
becomes curved. From the upper loop (duodenal) two outgrowths 
appear: an anterior one, which forms the liver, and a posterior one, 
which gives rise to the pancreas. The omphalomesenteric (vitelline ) 
duct serves as an avenue of communication between the alimentary tract 
and the yolk sac early in embryonic life, but becomes obliterated some 
time during the third or fourth month. Persistence of the intra- 
abdominal portion of the vitelline duct gives rise to a Meckel’s diver- 
ticulum. 

1. Bland-Sutton’s Theory: Perhaps the most acceptable theory of 
the formation of intestinal occlusions is that offered by Bland-Sutton,"’ 
who claimed that they occur at the site of embryologic events. Accord- 
ingly, one can readily understand that if the anal pit (proctodeum) fails 
to unite with the hindgut, an imperforate anus results. Likewise, if 
the stomodeal invagination that forms the mouth does not unite with 
the foregut an imperforate pharynx results. Should the process of 
closure of the base of the vitelline duct proceed too far in the ileum 
during fetal life, an occlusion in the terminal ileum would be found 
after birth. Obviously, the location of Meckel’s diverticula must be 
clearly established before one can offer that condition as a factor in the 
production of lesions in the ileocecal region of the distal portion of the 
ileum. In an anatomic study Lamb,’* discovered that only two fifths 
of the cases of Meckel’s diverticula occurred in that portion of ileum 
within 1 foot of the ileocecal valve. Bland-Sutton also remarked that 
duodenal diaphragms occur at the point where the diverticulum issues 
to form the liver and the pancreas. It seems possible that many of the 
duodenal bands and occlusions caused by excessive fixation might be 
due to incomplete absorption of the stem processes that support the 
liver and the pancreas as they bud forth from the duodenum early in 
fetal life. Snaring of loops of bowel at the umbilicus during fetal life 

10. Dott, N. M.: Anomalies of Intestinal Rotation, Brit. J. Surg. 11:251, 1923- 
1924. 


11. Bland-Sutton, J.: Imperforate Ileum, Am. J. M. Sc. 98:457, 1889. 
12. Lamb, D. S.: The Meckel Diverticulum, Am. J. M. Sc. 105:633, 1893. 
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should probably be included under the same heading. Obviously, if 
the umbilical ring should close too rapidly, the circulation of part or alk 
of the loop outside the peritoneal cavity would be cut off. In this event, 


it seems plausible that there would be an atrophy of that part, resulting 
in an atresia or stenosis. 


2. Vascular Defects: It was suggested by Jaboulay ** and Wyss ** 


that in many instances intestinal atresia or stenosis is due to defects in 
the vascular supply of the intestine. Little and Helmholz *° encoun- 
tered a case of atresia of the pylorus that, in their opinion, was produced 
by a defective arterial supply, including absence of the following 
arteries : pancreaticoduodenalis superior, gastro-epiploica and the pyloric 
branch of the hepatic artery. In my estimation vascular anomalies serve 
as the chief mechanism in the production of atresia and stenosis in more 
cases than is ordinarily considered. 


3. Defective Intestinal Rotation: Dott presented a _ thorough 
description of the mechanism of rotation and the types of obstruction 
produced. Many instances of volvulus occurring at the time of birth 
are caused by lack of fixation of parts (e. g., the ileocecal region) or 
excessive length of the mesentery in certain areas. It seems possible 
that obstruction by peritoneal bands might be part of an excessive fixa- 
tion occurring during the process of rotation. In rare instances reversed 
rotation takes place (in a clockwise direction), placing the transverse 
colon posterior to the duodenum and constricting the colon by mesentery. 
If excessive rotation takes place, the loop of bowel at the stem of the 
involved loops will be obstructed and perhaps injured by a defective 
blood supply. However, most cases of defective rotation produce no 
obstruction, 


4. Miscellaneous Causes: Numerous theories have been mentioned, 


which individually do not seem as important as the ones mentioned when 


considered as causes of obstruction. Tandler ?* described an excessive 


amount of epithelial cells occurring in the duodenum of 30 to 60 day 
embryos. Under such circumstances it seems possible that the 
diaphragm found within the lumen at this site might be produced by 
failure of these areas of epithelial proliferation to disappear completely. 
Another factor that has been mentioned as a possible cause of intestinal 


atresia and stenosis is fetal peritonitis. Although it is known to occur, 


[ feel that its importance in the production of atresia has been exag- 
13. Jaboulay: Chirurgie des centres nerveus, Paris, O. Doin, 1902, vol. 2, p:. 
43; quoted by Spriggs (footnote 4). 
14. Wyss: Beitr. z. klin. Chir. 26:631, 1900; quoted by Spriggs (footnote 4). 
15. Little, H. M., and Helmholz, H. F.: Situs Transversus and Atresia of 
the Pylorus, Bull. Johns Hopkins Hosp. 16:249, 1905. 
16. Tandler : 


Morphol. Jahrb. 29:187, 1902; quoted by Spriggs (footnote 4). 
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gerated, since it seems unlikely that a stricture would be found in the 
absence of other signs of peritonitis. Moreover, except in syphilitic 
persons, the occurrence of peritonitis or intestinal ulceration in fetal 
life must be extremely rare. Intussusception and volvulus, with subse- 
quent atrophy of the loop of bowel involved, have been mentioned as 
possible causes of atresia or stenosis. 

Diagnosis —Perhaps the most constant symptom of intestinal 
obstruction of congenital origin is vomiting. It usually begins within 
twenty-four hours, but occasionally may be delayed two or three days, 
especially if the obstruction is not complete. As Cameron **? empha- 
sized, persistent vomiting of bile-stained material in a newly born child 
should always arouse the suspicion of duodenal obstruction. Occa- 
sionally the first vomiting will be profuse and consist of amniotic fluid. 
This is pathognomonic of obstruction if present, but the absence of 
vomitus consisting of amniotic fluid cannot be used as an argument 
against obstruction. Usually the vomiting is forceful, especially in the 
later periods of obstruction. When the obstruction is high, food is 
usually vomited immediately after the feedings in contrast to the occur- 
rence of delayed vomiting in obstruction at low levels. The vomitus 
may or may not contain bile, depending on the location of the obstruc- 
tion. Unless accessory bile ducts are present, there can be no bile in 
the vomitus if the obstruction is proximal to the ampulla of Vater. 


When the obstruction is distal to the ampulla, the vomitus usually is 
bile-stained and contains a moderate amount of mucus. Blood is rarely 
present in either instance. 


Examination of the stools also offers a source of information in 
regard to diagnosis. An absence of bile in the meconium is pathog- 
nomonic of complete obstruction of the bowel distal to the ampulla. 
Many cases have been reported, however, in which the stools contained 
bile in spite of the fact that operation revealed a complete obstruction 
distal to the ampulla of Vater. Since the liver begins excreting bile at 
about the fourth month, it can readily be understood that the meconium 
could be bile-stained for at least a day or two, provided the obstruc- 
tion occurred later in fetal life than the onset of biliary secretion. 
If the obstruction is complete, the normal change from greenish 
meconium to stools containing digested milk will not occur. Constipation 
is usually present and at times is practically absolute. Frequently, it will 
be of value to examine the meconium for the presence of bacteria. If 
complete obstruction is present, there will be no bacteria in the meco- 
nium. Auscultation over the abdomen may occasionally be of aid in 
determining the site of obstruction. If the obstruction is low, gurgling 


17. Cameron, H. C.: Some Forms of Vomiting in Infancy, Brit. M. J. 1:765 
1925. 
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sounds and borborygmus are usually heard, whereas if the obstruction 
is in the duodenum no normal sounds are apt to be encountered. 

Roentgenography is a valuable aid in diagnosis, and should be resorted 
to immediately if the diagnosis of obstruction is not certain. Fluoro- 
scopic examination after the oral administration of barium sulphate is 
probably of more aid than roentgenograms when the obstruction is only 
partial. The determination of gastric retention by roentgenography is 
a simple procedure and in cases of duodenal obstruction is pathogno- 
monic. However, an “open plate” of the abdomen without an opaque 
meal should be taken first. If the obstruction is at least a few feet 
beyond the duodenum, the pattern of gas outlining the enormously dis- 
tended intestines will be seen plainly. This intestinal pattern of gas is 
constantly seen in cases of complete obstruction. 

Examination of the abdomen usually reveals peristaltic waves. If 
the diagnosis is doubtful, observations for waves should be made on 
numerous occasions, especially at short intervals after feeding. Dis- 
tention is present in those instances in which the obstruction is low, but 
in cases of duodenal obstruction it may be absent. Masses are rarely 
felt unless congenital cystic tumors are present. Palpation usually 
reveals little tenderness or muscle spasm. After the first day or two 
emaciation, dehydration and loss of weight proceed rapidly. Tachy- 
cardia and cyanosis soon manifest themselves as evidence of the infant’s 
critical condition. 

Neff and Haden ** reviewed the chemical indications in the blood in 
cases of obstruction in the new-born infant. They stated that a lowering 
of the chloride content of the blood and an increase in the carbon 
dioxide-combining power occur early, even before the rise in nonprotein 
nitrogen of the blood that is diagnostic of obstruction. Alkalosis is the 
usual indication, although acetone bodies are sometimes found in the 
blood, 

The length of life and severity of symptoms depend on various 
factors. In my experience, however, the location of the obstruction 
does not exert the influence on severity of symptoms that it does in 
adults. Obviously, if the obstruction is incomplete, the diagnosis may 
be difficult. Frequently, symptoms do not manifest themselves for 
weeks, months or even years. For this reason it may be difficult, on 
certain occasions, to differentiate obstruction caused by congenital mal- 
iormation from that produced by hypertrophic pyloric stenosis if the 
symptoms appear during the fourth or fifth week of life. Since the 
onset of symptoms of hypertrophic pyloric stenosis occurs so regularly 
hetween the third and sixth week of life, it can usually be excluded 


18. Neff, F. C., and Haden, R. L.: Congenital Transduodenal Bands, Am. J. 
Dis. Child. 30:82 (July) 1925. 
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and a diagnosis of obstruction of congenital origin be made when the 
onset occurs before the third week of life. 


Treatment.—Before operative intervention is resorted to, the dehy- 
dration and chemical changes in the blood must be corrected as far as 
possible. Administration of physiologic solution of sodium chloride or 
Ringer’s solution subcutaneously will serve adequately to restore the 
water deficiency, but is not entirely efficacious in correcting the changes 
in the blood that may be present. As a means of combating these 
changes, Hartmann ** has probably offered the best contribution in the 
form of a “combined solution” which he uses in alkalosis as well as 
acidosis because of its buffer action. The solution consists of sodium 
chloride, potassium chloride, calcium chloride and sodium lactate and 
may be administered subcutaneously, intravenously or intraperitoneally. 
Conversion of the lactate into bicarbonate takes place so slowly that a 
favorable buffer action is obtained (unless severe renal damage is pres- 
ent) even in alkalosis, which is the change most frequently encountered 
in intestinal atresia. 


I operate on all infants on an improvised hot water table; as an 
additional measure to prevent chilling and shock, I wrap the extremities 
with cotton. The operation should be started under local anesthesia 
(0.25 per cent procaine hydrochloride) and ether administered only 
when absolutely necessary to obtain relaxation or prevent shock from 
pain. Allowing the baby to suck on a holeless nipple will at times elim- 
inate restlessness during the entire operation. Before the abdomen is 
closed, it is a good practice to introduce from 150 to 200 cc. of Ringer's 
solution, physiologic solution of sodium chloride or “combined solution” 
through a catheter as the last stitch is being placed in the peritoneum. 

In spite of the fact that the mortality is extremely high in cases of 
atresia of the intestine, operation should be resorted to as soon as the 
diagnosis is made and dehydration is corrected, since there can be no 
hope of recovery without operation. Obviously, it is extremely impor- 
tant that the diagnosis be made as early as possible whether the 
obstruction is complete or not. Opinions vary as to the type of operation 
to be resorted to in atresia of the intestine. As long ago as 1904, 
before any operative cures had been reported, Clogg *° suggested that 
intestinal anastomosis was to be preferred to simple enterostomy as an 
initial procedure. His assumption was that the infant does not tolerate 
the exclusion of the distal intestinal segment because of the short length 
of the intestine left for absorption. Along with Clogg, Davis and 


19. Hartmann, A. F.: Acidosis, Alkalosis and Dehydration, Colorado Med. 
26:373 (Nov.) 1929. 


20. Clogg, H. S.: Intestinal Atresia, Lancet 2:1770, 1904. 
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Poynter, Richter ** and others, I am inclined to believe intestinal anas- 
tomosis is the procedure of choice in atresia of the small intestine unless 
the infant is too ill to endure the operation. If the infant is extremely 
ill it is probably justifiable merely to drain the bowel, but plans should 
be made to perform an anastomosis within two or three days. If the 
child dies before this time has elapsed or does not rally, he probably 
would not have tolerated a primary entero-anastomosis. However, when 
the atresia is located in the colon, a colostomy may become the procedure 
of choice, followed later by anastomosis. Further support to the advo- 
cacy of anastomosis is lent by clinical results. As far as I am able 
to determine, only three patients with atresia of the intestine have sur- 
vived. Fockens,** Ernst ** and Richter each reported successful results 
in a case. Each of these surgeons had performed a primary intestinal 
anastomosis of some sort. Apparently, there have been no cures fol- 
lowing a primary enterostomy done with the intention of performing 
anastomosis later, except in cases of imperforate anus. It is somewhat 
difficult to explain this extremely high mortality. Clogg quoted several 
cases in which the patients had undergone intestinal anastomosis of a 
satisfactory nature, but all of them had died. Autopsy revealed that the 
constricted lumen of the distal portion of intestine had refused to 
allow the passage of any intestinal content. Whether this was due to 
the inadequate size of the lumen of the intestine or to the fact that 
peristalsis was abnormal or absent could not be determined. To obviate 
this complication some operators have recommended that the distal por- 
tion of intestine should be dilated with fluid at the time of operation. 
[ am not convinced of the efficacy of this procedure because the dilation 
produced in this manner should not have any material influence on the 
restoration of peristalsis, nor should it be permanent, so far as I can 
determine. It must be remembered that the remarks regarding the 
appalling mortality apply only to atresia and not to partial occlusions. 

In complete obstruction, the type of anastomosis is determined by the 
type of defect found. I believe that when the atresia is found in the 
duodenum, an ordinary gastro-enterostomy is the operation of choice. 
Should the atresia be lower down in the small intestine or in the colon, 
a lateral anastomosis probably represents a much easier and safer pro- 
cedure than any other. When the obstruction is produced by peritoneal 


21. Richter, H. M.: Surgery of the Gastro-Intestinal Tract in Children, in 
Abt: Pediatrics, Philadelphia, W. B. Saunders Company, 1924, vol. 3, p. 513. 

22. Fockens, T.: Over aagenboren atresia van den darm met een door operatic 
genogen gevol, Nederl. tijdschr. v. geneesk. 1:1658 (Aug.) 1911; quoted by 
Richter (footnote 21). 


23. Ernst, N. P.: A Case of Congenital Atresia of Duodenum Treated Suc- 
cessfully by Operation, Brit. M. J. 1:644, 1916. 
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bands, cutting the band usually suffices. The intestine beneath the band 
should be inspected closely, however, since a stenosis is commonly found 
associated with adhesive bands. Occasionally the area of stenosis is so 
short that a plastic operation of the Mikulicz type will be all that is 
necessary. This type of repair was found to be the procedure of choice 
in a case in the present series in which Dr. M. B. Clopton operated. 
The stenotic area was only 1 or 2 cm. long and was situated in the 
terminal ileum near the ileocecal valve. If the stenosis involves more 
than 2 or 3 cm. of the intestines, an entero-enterostomy must be per- 
formed, but resection of the stenosed area is not necessary. If multiple 
points of atresia are found, the condition become practically hopeless, 
but if the infant’s condition permits, anastomosis should be performed 
at the various sites of atresia. 


3 4 5 


2.—Types of congenital malformation of the esophagus: (1) the type 


in which the proximal portion ends blindly, the distal portion communicating with 
the trachea; this type is found in from 80 to 90 per cent of the anomalies; (2) 
constriction without atresia, usually occurring at the distal end of the esophagus; 
(3) communication between the trachea and each segment of the esophagus; (4) 
communication between the trachea and the proximal segment (rare), and (5) 
atresia of the esophagus without a tracheal fistula. 


Fig. 


ANOMALIES OF THE ESOPHAGUS 


Defects of the esophagus may be classified into five groups. A bet- 
ter understanding of the various defects can be obtained from figure 2 
than from a description. Atresia is encountered more often than steno- 
sis. By far the most common anomaly is atresia with dilatation of 
the proximal end of the esophagus (90 per cent of all atresias of the 
esophagus belong in this class). Probably the next in frequency is the 
type having tracheal communication with both ends of the esophagus. 
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The remaining three types are relatively rare. Plass,?* who conducted 
a thorough anatomic study of esophageal defects, noted that the tracheal 
fistulas usually occurred only 1 or 2 cm. above the bifurcation of the 
trachea. 

The diagnosis of anomalies of the esophagus is usually not difficult. 
When atresia exists, the child is able to swallow only a few mouthfuls. 
As more is taken the food is regurgitated through the mouth and nose. 
Usually attacks of coughing, asphyxia and cyanosis accompany this 
regurgitation. A nasal catheter is arrested from 3 to 10 cm. beyond the 
pharynx. When a tracheo-esophageal fistula exists, as is usually the 
case, an aspiration pneumonia is practically inevitable and the child dies 
a few days after birth. I was unable to find a record of the survival 
of a single patient with atresia of the esophagus when a tracheo- 
esophageal fistula accompanied the condition. 

From the standpoint of treatment, few suggestions can be offered. 
Obviously an enterostomy of some type is a necessary procedure to 
supply the infant with food. Theoretically, a jejunostomy would be 
more advisable than a gastrostomy because food fed through a tube in 
the jejunum would be less likely to regurgitate into the tracheo- 
esophageal fistula that is present in a great percentage of cases. In the 
cases that Plass reviewed, he encountered an instance in which jejunos- 
tomy had been done, but the infant died. In view of the fact that 
gastrostomies have been universally fatal, I feel justified in advising 
jejunostomy instead of gastrostomy in these cases. Obviously subcu- 
taneous or intraperitoneal administration of fluid, as previously 
described, must be resorted to as soon as the diagnosis is made. Attempts 
have been made to ligate the fistulous connection, but no successful cases L : 
have been reported. Death usually intervenes in from four to eight ie 
days after birth. Pneumonia is practically always encountered at 
autopsy. 

I have an additional suggestion to offer. As far as I have been able 
to determine, every fatality in esophageal atresia has been ascribed to 
pneumonia, which presumably is caused by the aspiration of food or 
secretions in the mouth. From a simple mechanical standpoint, if the 
child is placed in an extreme Trendelenburg position with the head low, 
aspiration of infected material into the lung should be relatively impos- 
sible regardless of whether a tracheo-esophageal fistula is present or not. 

I treated one patient with esophageal atresia in this manner, but unfor- 
tunately a severe bilateral pneumonia was already present before the 


child was admitted to the hospital, and death occurred in the usual 
manner. 





24. Plass, E. D.: Congenital Atresia of the Esophagus, Bull. Johns Hopkins 
Hosp. 18:259, 1919. 
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ANOMALIES OF THE BILIARY TRACT 

Congenital defects of the biliary tract are extremely variable. In a 
series of eighty-nine collected cases Milne ** found that the obliteration 
occurred in the common bile duct in seventy instances. In thirty-nine 
cases, the common hepatic duct was also obliterated. In a series col- 
lected by Howard and Wolback ** the cystic and hepatic ducts were 
the most common sites. The largest series encountered in the litera- 
ture was that of Holmes ** who reviewed over a hundred cases. In 
the present series of four confirmed cases, all of the extrahepatic ducts 
were absent. Usually the gallbladder is also absent, but occasionally 
it may be found as a deformed rudimentary organ. When present it 
contains mucus but rarely bile. Cirrhosis of the liver with enlarge- 
ment is present in practically all cases of atresia of the hepatic or com- 
mon duct. On section, the organ is firm, tough and manifestly fibrosed, 
and is usually dark green. The spleen is usually enlarged to two or three 
times its normal size. 

Clinically, absence of the gallbladder is not of much importance since 
few if any symptoms will result from this defect alone. If complete 
atresia is produced by the absence of a part of the hepatic or common 
duct, a certain clinical picture is always encountered. One of the first 
demonstrable signs to be found is jaundice. This usually is noted a 
day or so after birth, but occasionally may not be discovered, especially 
by the parents, for ten or twelve days. Little itching is present. The 
intensity of the jaundice may vary, but the stools are at all times free 
from bile, as is evidenced by their bulky, grayish-white appearance. 
Most of the fat ingested is excreted. In a case in the present series, 
tests were made to determine the amount of fat absorbed, and it was 
found that 85 per cent of the fat ingested was excreted in the stool. 
Constipation is frequently present. The urine is heavily loaded with 
bile pigments. Hemorrhage from mucous surfaces, etc., frequently 
occurs, but was not encountered in any of the six cases in this series. 
The duration of life is extremely variable. There are several instances 
on record in which life was prolonged six or eight months, although 
the usual length of life is no more than a few weeks. 

One of the striking features in this series was the presence of 
infections, including otitis media, pyelitis, acute bronchitis and pneu- 
monia. Nearly all of the patients under observation suffered from 
many attacks of such infections; all deaths were caused by one of the 
four diseases mentioned. There are several conditions that must be 


25. Milne, L. S.: Congenital Atresia of the Bile Passages, Quart. J. Med. 5: 
409, 1911-1913. 

26. Howard, C. P., and Wolback, S. B.: Congenital Obliteration of the Bile 
Ducts, Arch. Int. Med. 8:557 (Nov.) 1911. 

27. Holmes, J. B.: Congenital Obliteration of the Bile Ducts, Am. J. Dis. 
Child. 11:405 (June) 1916; Bull. Johns Hopkins Hosp. 18:75, 1919. 
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differentiated from congenital atresia of the bile ducts. Familial icterus 
may be similar, but in this disease the stools contain pigment and the 
liver is not enlarged. Congenital syphilis may produce jaundice, but 
if so, other evidences of syphilis should be present. Icterus neonatorum 
may offer difficulty in the differential diagnosis, but in this instance 
the jaundice usually appears about the third day of life and disappears 
about the third week, and the stools contain bile pigment. Few, if any, 
physical signs of illness are present in icterus neonatorum. 

Holmes ** and Ladd ** stated that these anomalies are not hopeless 
from the standpoint of surgical relief. Holmes noted in the series 
reviewed by him that “in over 16 per cent of all reported cases of 
atresia of the bile ducts, both the cystic and hepatic ducts were essen- 
tially normal and communicated with each other.” In this group it 
might be expected that the correct surgical procedure (e. g., cholecysto- 
enterostomy ) would offer hope of relief. Of the twenty cases of anom- 
alies (stenosis or atresia) of the bile ducts reported by Ladd, 40 per cent 
revealed an anatomic situation that theoretically was amenable to sur- 
gical intervention. Of the eleven patients operated on, two who had 
complete atresia of the common duct were relieved of their symptoms 
and were presumably cured, by cholecystogastrostomy in one instance and 
hy cholecystoduodenostomy in the other. Ladd remarked that up to the 
date of his report, these were the only instances of survival following 
operation for atresia of the common duct. In several of the cases 
reported by Ladd there was merely stenosis of the common duct. Some 
of the patients survived operation, consisting of dilation of the stenotic 
area, and were apparently cured. 

In none of the cases seen in the clinic of the St. Louis Children’s 
Hospital has operation offered any possibility of relief, since in no 
instance was an extrahepatic duct present. The shock of the operation 
is more pronounced in such cases than in normal infants, but not strik- 
ingly so except for the tendency to contract infections of various sorts. 
Of four patients, one was operated on at the age of 7 months by Dr. 
\. O. Fisher and was alive when last seen, several weeks after operation. 
No trace of the gallbladder or any of the bile ducts was found at 
operation. As stated previously, few of these patients attain an age 
much greater than 6 months. 


CONGENITAL DEFECTS OF THE DIAPHRAGM 

There can be no doubt that practically all cases of so-called 
diaphragmatic hernia in newly born infants are in reality instances of 
congenital defects in the diaphragm. In many cases there is an absence 


28. Ladd, W. E.: Congenital Atresia and Stenosis of the Bile Ducts, 2. A. 
M. A. 91:1082 (Oct. 13) 1928. 
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of one entire side of the diaphragm. It is difficult to explain why this 
defect should occur on the left side in from 85 to 90 per cent of the 
cases unless due to the many openings for various structures passing 
through the left side of the diaphragm or to the fact that the right 
side develops first. A peritoneal sac is rarely found in infants. This 
condition should probably be classified as false hernia, in contrast to true 
diaphragmatic hernia, which has a peritoneal sac. When the defect 
consists merely of an opening-in the diaphragm, it may occur at almost 
any of the normal openings, practically all of which, however, are located 
on the left side. Among children born with the abdominal organs dis- 
placed, the mortality is high. In a series of fifty-seven cases collected by 
Funck-Brentano,” fifty-one of the patients died within the first twenty- 
four hours. LeWald *° reported several cases of complete absence of the 
diaphragm in which the patients lived to adulthood. It seems probable 
that in these instances the defect existed at birth but that the displace- 
ment of the viscera did not occur until later. 


Diagnosis —The symptoms produced by herniation of peritoneal 
organs through the diaphragm may be extremely varied. In many 
instances the condition exists for years without symptoms and is 
discovered accidentally, usually by roentgen examination. On other 
occasions, severe symptoms are manifested at birth. Patients having 
symptoms or signs at birth or shortly thereafter practically always 
represent that group of patients who succumb to the condition early 
in life. 

When symptoms and signs are manifested early after birth, they 
usually consist of dyspnea (especially of the orthopneic type), cyanosis 
and vomiting. Occasionally shifting the patient to a certain position 
will greatly relieve the cyanosis and dyspnea. If the infant survives 
the initial attack the foregoing symptoms, especially the vomiting, are 
apt to recur at inconstant intervals throughout life. Examination of 
the chest reveals evidence of air or gas in the pleural cavity, which 
in most instances will be mistaken for a pneumothorax until a roentgeno- 
gram is taken. Pulmonary sounds may not be heard, but instead, 
numerous gurgling and rumbling noises are encountered, especially after 
feeding. The heart is usually displaced to the right. Occasionally prac- 
tically all the organs of the abdominal cavity including, in order of 
frequency, the stomach, colon, omentum, spleen and small intestine are 
found in the thoracic cavity. The vomiting is apparently an evidence 
of partial obstruction. Constipation is frequently present. Pain may 


29. Funck-Brentano: Hernie diaphragmatique congénitale chez un nouveau-né 
ayant vécu 65 heures, Bull. Soc. méd. du dép. de la Seine 3:414, 1900. 

30. LeWald, L. T.: Congenital Absence of the Left Half of the Diaphragm, 
Arch. Surg. 14:332 (Jan.) 1927. 
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be localized in the chest or epigastrium, and when present to a great 
extent probably is a manifestation of obstruction. 


Occasionally, the diagnosis can be made only by fluoroscopic exami- 
nation following the ingestion of an opaque meal. By this procedure the 
stomach can be seen to fill in a position above the diaphragm. If the 
colon is present in the thoracic cavity, a barium sulphate enema will 
likewise reveal its position above the level of the diaphragm. 


Obstruction or strangulation of a portion of the herniated intestine 
is one of the most frequent complications encountered, and in many 
instances the diagnosis is not made until this condition necessitates a 
laparotomy. Of the two cases encountered in the present series, one 
showed an empyema early in life before admission to the clinic (see 
report of cases). It was impossible to determine from the history 
whether the empyema occurred as a complication of pneumonia or 
whether it was secondary to the presence of intestinal organs in the 
pleural cavity. 

Treatment.—l{ this defect is so extensive as to be in reality an 
absence of the left leaf of the diaphragm, operative intervention offers 
no hope of relief except perhaps to correct any obstruction that might 
be present. If the defect is small, closure of the opening is possible by 
surgical means. Careful roentgenologic examination can usually deter- 
mine to a certain degree the size of the opening, regardless of how 
much bowel is present in the pleural cavity. The thoracic approach is 
preferred because of the greater ease of effecting reduction of the 
herniated mass and because of easier access to the defect in the 
diaphragm. The difficulties encountered are usually greater than antici- 
pated, regardless of the route chosen. Extreme care must be taken not 
to perforate any intestinal loops during reduction, because of the poor 
resistance of the pleural cavity to infection. This same precaution 
must be taken when the defect is approached through an abdominal 
incision. Because of the greater amount of difficulty experienced with 
reduction of the intestinal organs when the abdominal approach is used, 
greater care must be exercised to prevent tearing of the loops than when 
the thoracic approach is used. Regardless of whether the abdominal or 
thoracic incision is chosen, an attempt should be made to tie the last 
suture in the closure of the pleural cavity during inspiration so as to 


reduce the degree of pneumothorax. If desired, aspiration of air can 
be resorted to after closure. 


HIRSCHSPRUNG’S DISEASE 


The anomaly known as Hirschsprung’s disease or congenital mega- 
colon, which no doubt is dependent on a congenital malformation of 
some kind, can be classified into two types: (1) neurogenic and (2) 
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mechanical. On some occasions, as described by David,*! Brennemann 
and others, a definite stenotic band may be found in the anorectal 
region just above the sphincter. 

Usually, however, no obstructive lesion can be found, and the condi- 
tion is thought to be due to a defect in the neurogenic mechanism. 
Perhaps the most logical explanation, as popularized recently by Wade 
and Royle,** is that through overstimulation of the lumbar sympathetic 
system a peristaltic inhibition of the colon, perhaps accompanied by 
hypertonicity of the anorectal junction, is produced. Under such physio- 
logic conditions a progressive dilatation of the colon with obstinate 
constipation would appear to be inevitable. The defect might also be 
in the nerve endings in the muscular wall or in the ganglion cells 
Cameron ** demonstrated a destruction of the ganglion in Auerbach’s 
plexus in a case of Hirschsprung’s disease, and offered this pathologic 
process as the chief etiologic factor. 

It has been said by some writers, including Goodman,** that the 
unusual length of the descending colon in infancy is a prominent factor 
in producing obstruction by allowing the intestine to become kinked 
and doubled up on itself. Anomalies of the mesentery as a cause of the 
megacolon of Hirschsprung were emphasized by Goebel ** who reported 
a case with observations at autopsy illustrating the relation between 
dilatation of the colon and anomalous mesentery. 


In spite of the fact that the symptoms presented by the group caused 


presumably by neurogenic defects and the group caused by an. actual 
anorectal stricture are practically the same, it hardly seems correct to 
classify the two as a part of the same disease. Ina series of twelve cases 
observed in this clinic, there was no demonstrable obstruction in any 
except possibly one instance (see report of cases) 

Diagnosis —The condition usually manifests itself within the first 
few weeks of life. Obstinate constipation and abdominal distention are 
among the first symptoms and signs encountered. The fecal accumu- 
lations or enteroliths may attain tremendous size and become very hard. 
Vomiting is rarely present. Many of these children will play normally 

31. David, V. C.: Congenital Stricture of the Rectum in Children, S. Clin. 
North America 3:1115, 1923. 

32. Brennemann, J.: Simple Congenital Anorectal Stricture with Megacolon in 
Early Infancy, J. A. M. A. 89:662 (Aug. 27) 1927. 

33. Wade, R. B., and Royle, N. D.: The Operative Treatment of Hirsch- 
sprung’s Disease: A New Method, M. J. Australia 1:137, 1927. 

34. Cameron, J. A. M.: On the Etiology of Hirschsprung’s Disease, Arch. 
Dis. Child, 3:210, 1928. 

35. Goodman, A. L.: Diseases of the Rectum and Anus, in Abt: Pediatrics, 
Philadelphia, W. B. Saunders Company, vol. 3, p. 434. 

36. Goebel, F.: Mesenterium commune ileocolicum als Ursache eines Hirsch 
sprungschen Symptomenkomplexes, Arch. f. Kinderh. 68:221, 1920. 
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and maintain practically normal weight and growth. During infancy, 
many of them will be fretful and cross, and as they become older will 
complain of severe cramping pains along with abdominal discomfort 
of a disturbing degree. 

In most cases examination reveals pattern formation with peristaltic 
waves of varying intensity. Seldom is there much tenderness present. 
A tympanitic note replaces the normal areas of dulness because of the 
excessive amount of gas present. The abdominal pressure may become 
so great as to produce edema of the ankles or urinary disturbances. 
Colonic irrigations and enemas are usually effectual in evacuating large 
quantities of fecal matter and gas. If no enemas are given, the child 
may go for days and even weeks without a bowel movement. The 
fecal discharges are usually offensive. 

Roentgenologic examination is helpful and rarely fails to establish 
or eliminate the diagnosis definitely. As the barium suspension enters 
the rectum it can be seen to spread rapidly within the greatly dilated 
lumen of the rectum and slowly spread upward. As stated previously, 
the dilatation is most often found in the descending colon and sigmoid, 
but occasionally includes the entire colon and even the distal portion of 
the ileum. Not infrequently the dilatation will be found to occur in 
varying positions throughout the colon, creating a fusiform enlargement. 
In 1 case in the present series, this fusiform dilatation was demonstrated 
to a marked degree. 





Treatment.—It is perhaps fortunate that the greater number of these 
patients die in early infancy. Medical treatment consisting of mineral 
oil, daily irrigations and enemas and dietary measures should be tried 
before surgical intervention is considered. Cathartics are contraindi- 
cated because of the inhibitory effect produced on peristalsis after the 
primary stimulus wears off. All measures should be resorted to, 
including thorough rectal examination, in an endeavor to locate any 
obstruction that might be present. If the rectal sphincter is tight, 
dilation under anesthesia should be carried out. 

Dilation of the rectal sphincters was done in two cases, although no 
definite obstruction could be demonstrated in either. In one child, how- 
ever, there was a folding of the intestinal wall at a point near the recto- 
sigmoid junction which apparently produced a partial obstruction. On 
two or three occasions, when constipation and distention with gas were 
pronounced, relief was obtained by forcing the finger past this point, 
which at times felt like a stenosis. Whether there was a real redundancy 
of colon or merely a slight folding of mucosa could not be determined 
accurately. This child, who had not had a bowei movement for months, 
except by the aid of enemas, had a daily voluntary stool for several 
weeks following dilation. Four months after the dilation he was brought 
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back by the father, who stated that for two weeks enemas had again 
been necessary as a routine measure. The sphincter and rectum were 
again dilated, but sufficient time has not elapsed following the second 
dilation to determine whether a beneficial effect was again produced. 
In the second case, in an infant 6 months of age, dilation was followed 
by improvement in the evacuation of fecal material but not as efficiently 
as in the first case cited. However, in cases not showing definite stenosis 
the improvement gained by dilation could be expected to be only 
temporary. Even if further experience substantiates the moderate 
improvement obtained in these two instances, no explanation of the 
mechanism of its production can be offered. 

On the basis of their belief that the primary fault lies in the 
internal sphincter ani, Wade and Royle ** advised lumbar sympathectomy 
for Hirschsprung’s disease, and reported cases that showed great relief 
after this operation. This procedure seems to offer the most favorable 
solution for the treatment of patients with this disease and deserves an 
extensive trial. Removal of the lumbar sympathetic ganglions on each 
side is not a serious operation per se, and does not involve any of the 
dangers of peritonitis that accompany the more serious operation of 
colonic resection. Scott and Morton ** recently reported a case that 
gave practically a perfect result: Before operation a boy, aged 7, had 
never had a spontaneous bowel movement, whereas after operation his 
bowels moved daily without enemas. In 1928, Judd and Adson * 
reported two cases in which they operated with favorable results. The 
technic of the operation is well illustrated in their report. 

Resection of the dilated portion of colon yields varying results. 
Obviously an operation as radical as resection should be resorted to 
only when the pain, distention, disability, etc., are severe and fail to 
respond to medical treatment and lumbar sympathectomy. On account 
of the fecal stasis, any type of resection should be done in two stages, 
the first operation being limited to either colostomy or anastomosis. 
In many instances dilatation will occur in the intestine, proximal to the 
site of resection, with a return of symptoms and signs simulating those 
existing before resection. 


IMPERFORATE ANUS 


The formation of imperforate anus is readily explained by the fact 
that the rectum and anus develop separately, the former being of 
entodermal and mesodermal, and the latter of ectodermal, origin. The 


37. Scott, W. M., and Morton, J. M.: Sympathetic Inhibition of the Large 
Intestine in Hirschsprung’s Disease, J. Clin. Investigation 9:13, 1930. 

38. Judd, E. S., and Adson, A. W.: Lumbar Sympathetic Ganglionectomy and 
Ramisectomy for Congenital Idiopathic Dilatation of the Colon, Ann. Surg. 88: 


479, 1928. 
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lepression at the anal site (proctodeum) which normally develops dur- 
ing the first few months of embryonic life is lined by ectoderm and 
extends inward to meet the blind end of the entodermal tube, with 
which it normally connects. Numerous variations of deformities are 
caused by their failure to fuse (fig. 3). Imperforation occurs once in 
every 8,000 or 10,000 births. One case was encountered in 6,300 
births in the maternity wards of Barnes Hospital during a period of 
twelve years. Over a similar period of years, however, sixteen patients 
with this condition were admitted to the St. Louis Children’s Hospital. 
The anomalyis equally common in male and in female infants. 





Fig. 3—Types of imperforate anus and the location of the various fistulous 
tracts formed: (1) absence of anus (proctodeum); (2) fibrous cord attaching 
rectal pouch and proctodeum; (3) perineal fistula; (4) urethral fistula; (5) 
rectovaginal fistula, and (6) rectovesical fistula. 


The condition is not difficult to recognize clinically, especially if the 
anal dimple has failed to form. Usually this dimple is not present. For 
the first twenty-four hours there may be no symptoms. After the second 
day, distention manifests itself and gradually becomes more marked. 
The child usually becomes restless after the appearance of distention and 
occasionally vomits or regurgitates. Muscle spasm over the abdomen 
is not prominent, although the distention may become so marked as 
to simulate this phenomenon. The appetite for food usually decreases 
after the first day until after several days severe dehydration and mal- 
nutrition develop. Death is apt to ensue after a week or ten days 
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unless the condition is corrected surgically or a fistulous tract forms. 
It is surprising to learn that the small fistulous tracts frequently seen 
may be compatible with life and good nutrition. 

Treatment.—Operative intervention is obviously the procedure of 
choice. Except in a few instances, as in the presence of a rectovaginal 
fistula, operation should be performed as soon as the condition is 
recognized. In most instances all that is necessary is incision of the 
skin over the sphincter and puncture of the distended rectal pouch which 
usually presents into the wound. This may be done under local anes- 
thesia, but ether is preferable because of the advisability of dissection 
of the rectal wall over a distance great enough to allow approximation 
with the skin. Obviously, if sphincteric control is to be hoped for, 
incision must be made within the circumference of the sphincter ani 
muscle. This muscle is practically always present, and effort should 
be made to find it. Frequently it is so difficult to find the rectal wall 
and suture it to the skin through the small opening allowed by the 
sphincter that it is not worth while to attempt this approximation. 
Unless the approximation is made without tension, the suture will tear 
through the rectal wall and allow it to retract back to its original position. 

Occasionally the rectal pouch ends blindly so high in the pelvis that 
it cannot be reached through the perineal route as described. After 
dissection upward for a distance of 2 or 3 cm. has proved futile, it is 
safer to discontinue the perineal approach and perform a left inguinal 
colostomy. At the time of performing the colostomy the rectal pouch 
should be sought. It is usually so widely dilated that if situated high 
in the pelvis, it can be pushed downward into the floor of the pelvis 
and be attached there by sutures. This technic allows one to puncture 
through the sphincter at a later date without much danger of injury to 
adjacent organs. This procedure was carried out successfully in a case 
at the St. Louis City Hospital. 

Wangensteen and Rice ** suggested a simple method for determining 
the method of approach, perineal or abdominal, in operations for 
imperforate anus. They take a roentgenogram of the abdomen with the 
child held head downward, to determine the position of the rectal gas. 
Inversion of the infant with head down allows the gas to seek the posi- 
tion nearest the sphincter ani muscle. The distance intervening between 
the gas and anal dimple determines what procedure to adopt. If the gas 
shadow is close to the skin the perineal route is indicated. 


When a fistulous tract to the exterior surface is present, operative 
correction of the deformities may be postponed for some time, depend- 
ing on the size of the sinus tract. If a rectovesical fistula is present, 


39. Wangensteen, D. H., and Rice, C. D.: Imperforate Anus: A Method of 
Determining the Surgical Approach, Ann. Surg. 92:77, 1930. 
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an attempt should be made to divert the fecal stream from the bladder 
as soon as possible, on account of the possibility of renal infection. The 
presence of the fistula in the perineal region probably indicates the type 
most readily cured. At the time that the opening is made in the rectal 
pouch through the sphincter ani muscle, the perineal fistula should be 
closed. Closure of the fistula by a deep stay suture threaded over a 
button on each side of the fistula, at least 2 cm. from the opening of 
the fistula, is perhaps to be preferred to the method of closure by purse- 
string sutures or a similar method on account of the tendency for the 
sutures to cut through the tissues. If it becomes necessary to perform 
a colostomy, nearly any type of small fistula will close spontaneously. 
It is much more difficult to obtain closure of these fistulas after the 
normal opening through the sphincter ani muscle is established, on 
account of the small size of the opening. It may be necessary to resort 
to more than one attempt at closure of the large fistulas that are fre- 
quently seen opening into the vagina, but several attempts should be 
made before one admits failure. Mobilization of the rectum by an 
incision over the sacral region has been advised on numerous occasions, 
but is a radical procedure and no doubt carries a high mortality with 
the operation. The result is apt to be satisfactory, however, if the 
infant survives, because of the ability to get the rectal wall down 
through the sphincter. 





The results of operations for correction of imperforate anus are 
somewhat discouraging. The mortality from operation is quoted at 25 
per cent. Of the sixteen patients admitted to the St. Louis Children’s 
Hospital, all of whom were operated on there or elsewhere, three died ; 
this constitutes a mortality of about 18 per cent. Formation of stricture 
at the site of the newly created anus is frequently encountered. Another 
complication to be feared is fecal incontinence, which occurs on numer- 
ous occasions. 

REPORT OF CASES 


Malformation of Intestine—Twelve cases of malformation of the 
duodenum were encountered, all of which presented obstructive symp- 
toms. Four of these consisted of a stenosis of the loop, usually in the 
second part, and in children whose ages varied between 11% and 8 weeks. 
Gastro-enterostomy was performed on all patients, three of whom sur- 
vived and were free from symptoms when discharged. One died twenty- 
four hours after operation. The youngest of the three infants that sur- 
vived was 11% weeks of age. The obstruction in this instance may have 
been complete, but it scarcely seems probable that the infant would 
have lived that long in the presence of complete obstruction without 
more dehydration, etc. The obstruction in the other two infants with 
stenosis that survived was no doubt only partial, since one was 6 weeks 
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and the other 8 weeks of age at the time of operation. In four cases there 
was obstruction due to fibrous bands, all of which were located in the 
terminal portion at the ligament of Treitz. The ages of these patients 
were 7 years, 3 weeks, 3 days and 4 days, respectively. Laparotomy 
was performed and the bands were cut, but all died. The obstruction 
was apparently complete in the latter two cases. One of these was rather 
remarkable, because the band accompanied the superior mesenteric 
artery. The band was severed, but the artery was so short that obstruc- 


Congenital Malformations of the Intestine and Bile Ducts in Eighty-One Cases 











No. of Patients No. 
mmeemctibichiivantais of In- 
Male Female Anomaly stances 
Malformation of the esophagus.. 1 3 Stenosis only 
Atresia with tracheal fistula 
Atresia without tracheal fistula 
Malformation of the pylorus...... 


Malformation of the duodenum... 5 Incomplete rotation 
Obstruction by adhesive bands............ 
ttn dikihvnidtdnstsbeaernvtenececddiline 
Atresia with blind loop 

Malformation of the jejunum.... 


Malformation of the ileum Complete atresia at lower ileum 

Adhesive band in ileocecal region 

Obstruction by imperforate diaphragm... 1 

Malformation of the colon Hole in transverse colon (congenital 

origin) ee 

Absence of mesentery 

Meckel’s diverticulum 5 isn Stenosis of ileum 
Huge cystic mass 
Perforation with peritonitis 
Found at autopsy; no symptoms......... 


Anomaly of the bile ducts......... 

Imperforate anus Females (8): 
Rectovaginal fistula 
Perineal fistula 

Males (8): 

Rectovesical fistula 
Perineal fistula 
No fistula 

Transposition of the viscera 

Hirschsprung’s disease 

Absence of the diaphragm......... 


Eventration of the diaphragm.... 





tion was obviously still present. However, it was possible to stretch 
the artery without difficulty, to a degree that eliminated all obstruction. 
Robinson,*® Slocumb ** and others have emphasized the production of 
gastric dilatation, especially after operations, by pressure of the 


40. Robinson, B.: Dilatation of the Stomach from Pressure of the Superior 
Mesenteric Artery, Vein and Nerve on the Transverse Segment of the Duodenum, 
Cincinnati Lancet Clin. 45:577, 1900; quoted by Slocumb (footnote 41). 

41. Slocumb, L. H.: Compression of the Duodenum by the Mesentery and 


Superior Mesenteric Vessels: An Underlying Cause of Gastric Dilatation, Surg., 
Gynec. & Obst. 44:359, 1927. 
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mesenteric vessels on the duodenum. The obstruction in three of the 
twelve cases was caused by incomplete rotation of the intestine with only 
partial obstruction. In one case the duodenum was anterior to the colon; 
in another the duodenum had a long mesentery that passed downward 
instead of to the left. In the third case a volvulus of congenital origin 
was found. Nothing surgical could be done in either of these cases. 
The first patient died, but the other two lived. In the entire group of 
duodenal anomalies there was only one case (in a patient aged 2 days 
when seen) of complete atresia with a blind loop. A duodenojejunostomy 
was performed, but the child died two days later. It is remarkable 
that all of the patients with a definitely complete obstruction died within 
a short time after operation. Shock appeared to be the primary cause 
of death. 

In one instance a stenosis of the pylorus with incomplete obstruction 
was encountered in an infant, 4 weeks of age. The stenosed area was 
short and was repaired by the Mikulicz technic. The child survived 
the operation and was well at the time of discharge. 

Only on one occasion was the jejunum the site of malformation in 
the present series. This infant had a complete atresia a few centimeters 
beyond the ligament of Treitz. An end-to-side anastomosis was per- 
formed under local anesthesia, but the child died twenty-four hours after 
operation. 

Of the nine patients with obstruction of the ileum, four had complete 
atresia. The length of the defect caused by the atresia varied between 
2 and 10 cm. In one of these cases the atresia was multiple, occurring in 
several places in the distal half of the ileum. The age of these infants 
on the day of admission and operation varied from 2 to 4 days. Intes- 
tinal anastomosis was performed on two of them and ileostomy on the 
other two. All died within twenty-four hours after operation. On four 
occasions obstruction was found to be caused by fibrous bands con- 
stricting the ileum a few centimeters from its junction with the cecum. 
In an infant, aged 3 days, this fibrous band communicated with a cyst 
several centimeters in diameter, containing clear straw-colored fluid; 
this was considered a cystic dilatation of a remnant of the vitelline 
duct. The infant survived the operation, but died three weeks later 
following a second operation for intestinal obstruction of acquired 
etiology. The other three infants in this group were from 114 to 4 weeks 
of age, but had had symptoms for three or four days. In one infant it 
was found that after the constricting bands were severed, the constric- 
tion was so prominent as to require surgical correction. <A repair of 
the Heineke-Mikulicz type was performed. The infant lived and was 
discharged well. The ninth case in this series of lesions of the ileum 
constituted the only one in which an obstruction was caused by a 
diaphragm. This diaphragm was located in the terminal ileum a few 
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centimeters from the ileocecal junction. The colon, however, was no 
larger than a lead pencil and barely admitted a probe at autopsy the day 
following operation. 

Meckel’s diverticula were observed in only five infants and in two 
instances the defect was not discovered until after death, which was 
caused by diseases not related to the anomaly. In an infant, 13 days 
of age, with symptoms of partial obstruction for six days, the 
diverticulum caused a stenosis of the ileum at its point of attachment. 
An ileostomy was performed, but the infant died on the fifth post- 
operative day. On another occasion, there were no symptoms, but a 
large firm cystic mass had been present since birth eight weeks 
previously. Owing to deep attachments, the cyst was marsupialized, but 
the child died two days later, presumably of peritonitis. In the fifth 
case a child, 2% years of age, had abdominal pain and vomiting for 
twenty-four hours. Laparotomy revealed peritonitis caused by perfora- 
tion of the base of a Meckel’s diverticulum which was attached to the 
ileum near the midportion. The child died of peritonitis and broncho- 
pneumonia five days after operation. 

Lesions of congenital origin were encountered in the colon in only 
two instances, except for the case previously mentioned, in which a 
diaphragm in the lumen of the terminal ileum was found with a 
generalized stenosis of the entire colon. In one of these cases, in an 
infant 2 days of age at the time of death, a large defect 2 or 3 cm. 
in diameter was found at autopsy in the transverse colon, through 
which considerable meconium had escaped into the peritoneal cavity. 
Because of such obscure and indefinite symptoms, including lack of 
vomiting, this infant was not operated on. Another infant, 2 days of 
age, with abdominal symptoms since birth, was operated on and found 
to have gangrene of 3 inches (7.6 cm.) of the transverse colon, caused 
by lack of attachment of the mesentery at this point. The gangrenous 
portion was resected and an anastomosis performed, but the child died 
two days after operation. 

Malformations of the Esophagus—This condition was encountered 
in four infants in the present series. On one occasion the obstruction was 
not complete, consisting merely of a stenosis in the terminal end of the 
esophagus. This child was 3 years of age when last seen and was able 
to swallow soft foods if dilation was performed at frequent intervals. 
Another infant, 5 months of age, had had a gastrostomy performed else- 
where on the fourth day of life because of an atresia opposite the 
fifth dorsal vertebra. The two remaining patients, aged 5 and 6 days, 
respectively, had regurgitated all food since birth and had practically 
all the symptoms of atresia of the esophagus with a tracheo-esophageal 
fistula. Each was cyanotic and had frank bilateral pneumonia when 








COLE—MALFORMATIONS OF INTESTINAL TRACT 845 


admitted. Although there was little hope for them on account of their 
moribund condition, a gastrostomy was performed on each. Death 
ensued from twenty-four to forty-eight hours after operation. As 
mentioned previously, a jejunostomy is probably preferable to gas- 
trostomy because of possible regurgitation. The anomaly in each of 
these cases was similar to type 1 in figure 2. 

Anomalies of the Biliary Passages —Of the six cases of this condition 
occurring in this series two were not confirmed by operation or autopsy, 
but the history of jaundice and white stools since birth makes the diag- 
nosis of congenital malformation of the bile ducts most probable. One 
infant was 10 weeks of age and in fairly good physical condition at the 
time of discharge, except for enlargement of the liver and the spleen. 
The other one, 10 months of age, was moribund at the time of dis- 
charge. Operative or postmortem confirmation was obtained in four 
patients whose ages varied between 3 weeks and 7 months. In none of 
the four cases were remnants of any of the extrahepatic bile ducts found. 
On one occasion a rudimentary abnormal gallbladder without a cystic 
duct attached was found. All showed large greenish livers with varying 
degrees of cirrhosis. In three of the four patients the spleen was enlarged 
to two or three times its normal size. One of the infants, aged 7 months, 
who was operated on, was alive when last seen four weeks after 
operation. The other two died a few weeks after operation. In none of 
the patients on whom operation was performed was it possible to 
carry out any surgical procedure that would offer relief. 


Hirschsprung’s Disease—There were twelve cases of megacolon in 
the present series, but in two of these the diagnosis was questionable. 
The ages varied between 5 weeks and 12 years, with an average of 3.8 
years. It is significant that all the patients except one were males. The 
fact that the age of each of the four patients who died was less than 1 
year supports the statement made by different authorities that if the child 
suffering from Hirschsprung’s disease survives the first year of life, 
he is apt to live for many years. In all except three cases, symptoms had 
been present since birth. Organic obstruction was not found in any of 
the cases. Dilation of the rectum and sphincter was performed in 
two cases even though a definite obstruction or stenosis could not be 
demonstrated. Moderate improvement followed the dilation, especially 
in one case. 

Congenital Defects in the Diaphragm.—In the two cases observed in 
this series the defect in the diaphragm occurred on the left side, as is 
usually the case, and measured 2 by 3 cm. in one instance and 2 by 7 cm. 
in the other. One of the patients had undergone a thoracostomy for 
empyema before entry to the St. Louis Children’s Hospital, and had 
apparently completely recovered. Both of these patients were so acutely 











846 ARCHIVES OF SURGERY 


ill on admission to the hospital that consideration of any surgical pro- 
cedure was out of the question. They died shortly after admission. 
Autopsy on one patient, 6 years of age, revealed a herniation of the 
colon and stomach through a defect 2 by 3 cm. in size on the left side 
of the diaphragm, with strangulation of both organs and early gangrene 
of the stomach. Postmortem examination of the other infant, aged 
1 year, revealed the fact that practically all the abdominal organs except 
the liver, duodenum and sigmoid had passed through a defect in the 
diaphragm, about 2 by 7 cm. in size, into the thoracic cavity. The 
embarrassment of the heart by pressure of these organs contributed to 
the child’s death, since obstruction was apparently not a prominent 
factor in this instance. 


Eventration of the Diaphragm.—Two cases of eventration, with high 
displacement of the diaphragm on the left side, were observed in the 
present series and were reported by Clopton ** in detail. One child, 
2 years of age, had been operated on previously for empyema, but 
returned for treatment for an abscess of the wall of the chest. The 
empyema had been preceded by the development of influenza and 
bronchopneumonia a few days before. When first seen, the condition 
was regarded as a hernia through a defect in the diaphragm. It was 
not until after a careful study of a series of roentgenograms, including 
those taken before the thoracostomy for empyema, that the condition 
was found to be an eventration and not a defect of the diaphragm. The 
child improved slowly and was discharged well. In the second case of 
eventration, a child, 6 years of age, was admitted to the hospital because 
of malnutrition. On examination, the heart was found on the right 
side, and a tympanitic percussion note was found to extend up on the 
chest as far as the third rib on the left side. The liver was displaced 
downward on the right side as far as the crest of the ileum. The 
child improved satisfactorily while in the hospital and was symptom- 
less at the time of discharge. 


Transposition of the Viscera—This anomaly may be limited to 
thoracic organs, but in eight of the nine cases observed in which transpo- 
sition of any organs was detected, there was transposition of the abdom- 
inal viscera. In four of the nine cases roentgen examination showed 
transposition of the heart, liver, stomach, cecum and sigmoid. In four 
other cases the roentgen shadows of the heart and liver were in reversed 
position. The position of the organs of the intestinal tract in this 
group is not definitely known, since roentgen examination of the gastro- 
intestinal tract was not carried out. In all probability, however, the 
position of the intestinal viscera was also reversed. In one of the 
nine cases the heart was transposed to the right side, but the only 


42. Clopton, M. B.: Eventration of the Diaphragm, Ann. Surg. 23:154, 1923. 
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change in the position of the abdominal organs was a slight displace- 
ment. The chief complaints of practically all the patients in this series 
of nine cases were weakness, anorexia and lack of energy since birth. 
\ll were malnourished. In addition to the foregoing symptoms and 
signs, there had been cyanosis since birth in two cases. The ages of 
the patients in this group varied between 1 month and 6 years, aver- 
aging 4 years. One died in the hospital with pertussis and pneumonia. 
Another infant, aged 1% years, died as a result of cardiac decompensa- 
tion. All viscera were transposed and the spleen was absent. 


Imperforate Anus.—Of the sixteen patients with imperforate anus 
admitted to the hospital, eight were males and eight females. The ages 
varied from 1 day to 11 years, with the average about 1.3 years. Of the 
eight girls, six had a rectovaginal fistula, and two a perineal fistula. Of 
the eight boys, one had a vesical fistula, two a perineal fistula and five no 
fistula. Four of this group of five patients were very young and had had 
an opening made at the site of the anus within a day or two after birth; 
the fifth child was 11 years of age and had undergone the primary 
operation at the age of 4 days, and two operations a few years before 
the present admission for correction of a stricture. At the time of 
admission he had partial fecal incontinence. It has been impossible to 
conduct observations for a great length of time on any of the patients 
except in the instance mentioned. However, the results in the patients 
who were observed at intervals were, on the whole, discouraging. There 
was a strong tendency toward the formation of a stricture of the anus 
after the simple procedure of making an opening through the anal 
dimple. This tendency was even more pronounced when a fistula was 
present before the opening was made through the sphincteric muscle. 
Colostomy had not been a necessary procedure on any of these patients 
previous to admission, and on only one occasion, when the distance 
between the rectal pouch and the proctodeum was too great, was colos- 
tomy performed in the St. Louis Children’s Hospital. This child, 
1 day of age, died the next day. In this series of ten cases there were 
two other deaths, each following an operation, one of which was per- 
formed elsewhere. In this case a severe secondary hemorrhage followed 
the operation, before the patient’s admission to the Children’s Hospital. 
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EXPERIMENTAL SHOCK 


A STUDY OF THE ALTERATIONS IN THE VOLUME OF BLOOD 
AND IN THE WATER CONTENT OF BLOOD AND OF MUSCLE 
THAT ARE PRODUCED BY HISTAMINE * 


VIRGINIA BUTLER, MLS. 


J. W. BEARD, M.D. 
AND 


ALFRED BLALOCK, M.D. 
NASHVILLE, TENN. 


The possibility that histamine is the cause of “shock” after trauma 
has been extensively speculated on in recent years. Keith? and others 
have found that severe injuries are followed by a diminution of the 
volume of blood. Harris and one of us (Dr. Blalock )* found that trauma 
to the muscles and to the intestines and burns are associated with a 
decrease in the water in the blood and in the muscles other than those 
at the sites of the injuries. The study indicated that the loss of fluid 
from the blood stream into and from the traumatized areas was respon- 
sible for the concentration of the blood. It is known that histamine 
causes an increase in the concentration of the blood. Since histamine 


causes a general dilatation of capillaries and possibly an increase in 
their permeability, it was believed that histamine would probably cause 
a general loss of fluid from the blood stream instead of a local loss 
into the traumatized area as was found after trauma, and that an 
increase in the water content of all of the muscles of the body would 
be found. It was for the purpose of determining this point that these 
studies were begun. 


The studies included determinations of the volume of blood and 
of plasma, the red blood cell count, the hemoglobin, the chloride con- 
tent and the water content of the blood and muscles. 


METHOD 


All of the experiments were performed on dogs. Most of these were anes- 
thetized by sodium barbital administered intravenously (0.3 Gm. per kilogram of 
body weight). The same anesthetic in identical amounts had been employed in 


* Submitted for publication, Jan. 27, 1931. 

* From the Departments of Physiology and Surgery of Vanderbilt University. 

1. Keith, N. M.: Report of Shock Committee, London Medical Research 
Committee, 1919, no. 27. 

2. Harris, P. N., and Blalock, A.: Experimental Shock: X. Observations 
on the Water Content of the Tissues of the Body After Trauma and After Hemor- 
rhage, Arch. Surg. 22:638 (April) 1931. 
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the previous experiments by Harris and Blalock? on the effects of trauma. In 
the remaining experiments, morphine sulphate was used as the anesthestic. The 
arterial blood pressure was determined by placing in the carotid artery a cannula 
connected to a mercury manometer. 

The dye method for determining the volume of the plasma and the blood that 
was introduced by Keith, Rowntree and Geraghty * was employed as described by 
Rowntree, Brown and Roth* in their recent book. The hemoglobin was deter- 
mined by the Newcomer method® with a Bausch and Lomb hemoglobinometer. 
The chlorides were determined by the method of Whitehorn.® 

The water content of blood and muscle was determined on samples obtained 
before histamine was injected into the subcutaneous tissues and after the blood 
pressure had* been maintained at a low level for at least several hours by repeated 
injections. The blood was withdrawn from the femoral vein. Tissue was obtained 
from the pectoral, muscle and one of the flexor muscles of the thigh at the begin- 
ning of the experiments and from symmetrical sites on the opposite side of the 
body at the end of the experiments. The muscle usually varied in weight from 
1 to 2 Gm. The specimens were placed in small beakers of known weight, and 
the muscle was cut into small pieces in order to facilitate drying. After the 
beaker containing the blood or muscle was weighed, it was placed for forty-eight 
hours in an oven, the temperature of which was kept at as nearly 105 C. as 
possible. At the end of this time, it was again weighed, and the content of the 
tissues in water and solids was determined. 

For purposes of comparison, the effects of the removal of whole blood and of 
blood plasma were studied. These experiments were of approximately the same 
duration as those in which histamine was injected. Harris and one of us (A. B.)? 
had previously determined the effects of hemorrhage and of the removal of plasma 
on the water content of blood and muscle. In the present experiments, the volume 
of blood and of plasma, the red blood cell count, the hemoglobin and the chloride 
content were determined before and after a low blood pressure had been produced 
by the removal of whole blood or of plasma. In the experiments in which the 
effects of hemorrhage were studied, whole blood equaling 1 per cent of the body 
weight was removed at one hour intervals until a low blood pressure resulted. In 
the‘ experiments in which the effects of the removal of blood plasma were studied, 
whole blood equaling 1 per cent of the body weight was removed at one hour 
intervals, the blood was defibrinated and centrifugated, and the red blood cells 
plus enough plasma to equal one half of the volume of blood which had been 
removed were reintroduced. 


RESULTS 


In the four experiments in which the effect of the subcutaneous 
injection of histamine on the volume of blood was studied, a reduction 
in volume was found. This was associated with an increase in the 
red blood cells and hemoglobin and either no change or a slight reduc- 


3. Keith, N. M.; Rowntree, L. G., and Geraghty, J. T.: A Method for the 
Determination of Plasma and Blood Volume, Arch. Int. Med. 16:547 (Oct.) 1915. 

4. Rowntree; Brown, and Roth: The Volume of the Blood and Plasma, Mayo 
Clinic Monographs, Philadelphia, W. B. Saunders Company, 1929. 

5. Newcomer, H. S.: J. Biol. Chem. 37:465, 1919. 


6. Whitehorn, J. C.: A System of Blood Analysis, J. Biol. Chem. 45:449, 
1920. 
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tion in the chloride content. The reduction in the volume of blood 
consisted, in the main, of a diminution in the volume of plasma. The 
results of these experiments are given in table 1. 

Whole blood which equaled 1 per cent of the body weight was 
removed at one hour intervals in three experiments until a low blood 
pressure resulted. The reduction in the volume of blood was associated 


TaBLe 1.—The Effects of Histamine 








Blood 
Weight Amount Blood Hemo- Red Volume Volume Chloride 
Ex- of of Hista- Time of Pressure, globin, Blood of of Content, 
peri- Dog, mine, Determi- Mm. of per Cell Plasma, Blood, Mg. per 
ment Kg. Me. nations Hg Cent Count Ce, Ce. 100 Ce. 


1 11.31 70 Control period... 120 110 9,040,000 568 1,159 525 
4 hours after ini- 
tial histamine... . 58 5 10,400,000 1,006 


Control period... 2 8,020,000 2,074 
1% hrs. after ini- 
tial histamine... . 5 9,900,000 1,580 


Control period... 8,940,000 881 
3% hrs. after ini- 
tial histamine... . 5 2 10,200,000 34: 683 


Control period... 7 8,200,000 
3% hrs. after ini- 
tial histamine.... 8 9,820,000 


TasLe 2.—The Effects of the Removal of Whole Blood at One Hour Intervals 














Blood Total 
Mean Chloride Amount 

Weight Blood Hemo- Red Con- Bled in 
Ex- Time of of Pressure, globin, Blood Plasma Blood tent, per Cent 
peri- Determi- Dog, Mm. of per Cell Volume, Volume, Mg. per of Body 
ment nations Kg Hg Cent Count Ce. Ce. 100 Ce. Weight 


1 Control period... 20.4 110 85 7,950,000 1,092 1,796 508 

4% hrs. after ini- 

tial bleeding 18.93 5 6,020,000 654 1,011 
Control period... 18.85 5 6,850,000 

3% hrs. after ini- 

tial bleeding 17.9 y 6,270,000 

Control period... g 7,810,000 

4% hrs. after ini- 

tial bleeding 15.5 58 4 6,310,000 


with a greater proportional diminution in the volume of red blood 
cells than of plasma. The red blood cells diminished, the percentage 
of hemoglobin decreased, and the chloride content increased slightly. 
Che results of these experiments are given in table 2. 

Blood plasma which equaled 0.5 per cent of the body weight was 
removed at one hour intervals in five experiments until the blood pres- 
sure definitely declined. The level of the mean blood pressure was 
not as low in these experiments as in the others, since additional 
bleeding sufficient to allow the removal of the usual amount of plasma 
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would have resulted in the death of the animal. The diminution in the 
volume of blood was accounted for almost entirely by the reduction 
in the volume of plasma. The red blood cell count increased, the 
percentage of hemoglobin increased and the chloride content usually 
decreased slightly. The results of these experiments are given in 
table 3. 

The effects of the subcutaneous injection of histamine on the water 
content of blood and muscle was determined in experiments on nine 
dogs. Six of these were anesthetized by morphine and the remaining 
three by barbital. The results were the same with the two types of 
anesthetics. The time that elapsed between the initial injection of his- 


Tas_e 3.—The Effects of the Removal of Blood Plasma at One Hour Intervals 





Blood Total 


Mean Chloride Amount 
Weight Blood Hemo- Red Con- Removed 
Ex Time of of Pressure, globin, Blood Plasma Blood tent, in per Cent 
peri- Determi- Dog, Mm. of per Cell Volume, Volume, Mg. per of Body 
ment nations Kg. He Cent Count Ce. Ce. 100 Ce. Weight 
1 Control period... 13.6 115 90 7,800,000 703 1,143 545 
5% hrs. after ini- 
tial removal..... 13.0 100 110 9,000,000 459 871 495 3.0 
2 Control period... 11.88 115 85 6,900,000 584 942 569 
5 hrs. after ini- 
tial removal..... 11.32 100 100 9,660,000 347 694 548 2.75 
Control period... 19.4 125 95 7,140,000 1,056 1,600 512 
5 hrs. after ini- 
tial removal..... 18.9 96 108 8,710,000 579 1,179 490 2.75 
4 Control period... 16.57 130 100 8,670,000 793 1,474 485 
5% hrs. after ini- 
tial removal..... 15.72 90 118 10,020,000 483 1,181 446 3.0 
5 Control period... 7.67 98 87 9,270,000 319 632 515 
4% hrs. after ini- 
tial removal..... 7.33 60 90 avaseeues 202 449 528 2.25 








tamine and the completion of the experiment varied from four hours 
and fifteen minutes to seven hours and twenty minutes. The mean 
blood pressure at the time the second samples were obtained varied 
from 14 to 52 mm. of mercury. The total amount of histamine that 
was injected in the different experiments varied from 15 to 80 mg. 
The water in the blood was decreased. The average control water 
content of the blood in the nine experiments was 80.79 per cent, and 
the average content at the completion of the experiments was 77.31 
per cent. In seventeen of the eighteen analyses, the water content 
of the muscle was lower at the end than at the beginning of the 
experiments. The average content in water of the pectoral muscle 
was 75.53 per cent at the beginning of the experiments and 74.22 per 
cent at the end. For the thigh muscle, the average water content at 
the beginning of the experiments was 75.31 per cent and at the end. 
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73.84 per cent. The alterations produced were practically identical 
with those found by Harris and Blalock? in studying the effects of 


the removal of blood plasma and the effects of intestinal trauma, 


trauma to the legs and burns. However, the latter experiments pre- 


sented the additional fact that injury causes an increase in the water 
content of the traumatized tissues. 


The results of the experiments 
on histamine are given in table 4. 


TABLE 4.—The Effects of the Subcutaneous Injection of Histamine on the Water 
Content of Blood and Muscle 





Water Water Total 
Mean Water Content Content Amount 
Blood Content of of Flexor of Type 
Ex Weight Pressure, of Pectoral Muscle of Hista- of 
peri Time of of Dog, Mm.of Blood, Musele, Thigh, mine, 


Anes- 
ment Observation Kg. Hg 


per Cent per Cent per Cent Mg. thetic 
1 Control period......... eoaewe 128 72.55 73 80 Morphine 
7% hours after initia 
histamine puted 2. 70.65 


Control period ovens 82. 76.85 5. 5 Morphine 
6% hours after 
histamine 


Control period wisiwe 3.5 2.4: : Morphine 
3% hours after 
histamine 


Control period deans 75.78 76.4 Morphine 
7% hours after 

histamine 

Control period uses 2 ‘ 3.§ 74.75 Morphine 
4% hours after 

histamine : 

Control period piuwee 2 77.6 74.12 Morphine 
7 hours after 

histamine 

Control period 2.92 3 2.3 8. 76.85 Barbital 
7% hours after 

histamine 

Control period 76. 75.68 Barbital 
7 hours after 

histamine 

Control period 83. 8.2 5 Barbital 
6% hours after 

histamine 


COM MENT 


The alterations in the volume of blood and of plasma, the red blood 
cell count, the hemoglobin and the chloride content produced by the 
subcutaneous injection of histamine and by the removal of blood plasma 
were similar. The removal of whole blood produced different changes. 
In the experiments in which histamine was injected, 80 per cent of 
the decrease in the volume of blood was due to the loss of plasma; 


in the experiments in which blood plasma was removed, it was 90 per 


cent, and in the experiments in which whole blood was removed it 
was 50 per cent. 


The similarity in the effects that are produced by 
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histamine and by the removal of plasma suggest that histamine causes 
the loss of plasma through the walls of the capillaries. As has been 
stated previously, trauma to muscle and to the intestines and burns 
result in a loss of fluid from the blood stream into the injured area, 
and this is probably responsible for the concentration of the blood. 
lhe water content of the striated muscle elsewhere was decreased. In 
view of these observations, we believed before determining the water 
content of the muscles before and after injecting histamine that the 
drug would cause an increase in the water content of all of the muscles 
of the body, since its effect is general and since no trauma was inflicted 
to any part of the body. In this we were mistaken, and it is important 
to note that we found the water content of both blood and muscles 
decreased. 

We are unable to state, from the present experiments, whether or 
not the content in water of all of the tissues of the body is decreased 
by histamine as determinations were performed only on blood and 
muscle. It is difficult to perform such studies on the intra-abdominal 
and intfathoracic organs since the taking of the control samples requires 
a major operation which may alter the subsequent determinations. 
Experiments in which the results in a series of normal dogs are com- 
pared with those in which such procedures as the injection of histamine 
have been carried out are unsatisfactory because the water content 
of the tissues varies in different animals.* Striated muscle is easily 
obtainable, and it takes up and releases water readily. Volkmann‘ 
stated that 50.8 per cent of the total water of the body tissues is in 
muscle. In animals deprived of water Durig* found that muscle lost 
the greatest weight. In experimental diarrhea, Tobler * found that 65 
per cent of the loss in weight was by muscles. Marriott?® states: 
“The body possesses an available store of water which exists for the 
greater part in the muscles and in the skin, and which can be drawn 
upon to some extent before any considerable degree of desiccation of 
other parts of the body occurs.” Analyses on skin are unsatisfactory 
because it is impossible to be sure that all of the fat has been removed 
from its under surface. 

As has been stated previously, histamine causes a loss of fluid from 
the blood stream and from striated muscle. Some of this is lost in 


7. Volkmann, A. W., quoted by Engels, W.: Arch. f. exper. Path. u. Pharma- 
kol. 51:346, 1904. 


8. Durig, A.: Wassergehalt und Organfunction, Arch. f. d. ges. Physiol. 
85:401, 1901. 


9. Tobler, L.: Zur Kenntnis des Chemismus akuter Gewichtstiirze, Arch. f. 
exper. Path. u. Pharmakol. 62:431, 1910. 
10. Marriott, W. McKim: Anhydremia, Physiol. Rev. 3:275, 1923. 
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the expired air and urine. Large amounts of histamine administered 
intravenously are usually accompanied by immediate diarrhea, and it 
is possible that histamine causes an increase in the passage of fluid 
into the lumen of the intestines. In the present experiments, analyses 
were performed to determine the water content of only blood and 
striated muscle, and it is not possible to state whether or not the water 
content of other tissues in the body was altered. It is interesting that 
histamine is accompanied by the same type of alteration in the water 
content of blood and muscle as is found after trauma and after burns. 


SUMMARY 


The volume of blood and of plasma, the red blood cell count, the 
hemoglobin and the chloride content were determined before and after 
a low blood pressure had been produced by the subcutaneous injection 
of histamine, by the removal of blood plasma and by the removal of 
whole blood. The injection of histamine produced alterations that 
were similar to those which accompanied the removal of blood plasma. 

The injection of histamine caused a decrease in the water content 
of striated muscle. The alterations were similar to those produced by 
trauma, by burns and by the removal of blood plasma. 











EXPERIMENTAL SHOCK 


xl. A STUDY OF THE EFFECTS OF HEMORRHAGE, OF TRAUMA TO 
MUSCLES, OF TRAUMA TO THE INTESTINES, OF BURNS AND 
OF HISTAMINE ON THE CARDIAC OUTPUT AND 
ON BLOOD PRESSURE OF DOGS * 


G. S. JOHNSON, M.D. 
AND 
ALFRED BLALOCK, M.D. 


NASHVILLE, TENN. 


In a previous study by one of us (Dr. Blalock ') the effects of graded 
hemorrhages on the cardiac output and blood pressure were determined. 
In experiments on dogs anesthetized with morphine it was found that 
the repeated removal of blood is usually associated with a decline in the 
cardiac output from 30 to 50 per cent below the normal level before a 
marked diminution in the mean blood pressure occurs. In subsequent 
experiments * it was found that the loss of blood into the injured area 
after trauma to an extremity was instituted was sufficient to account for 
the decline in the blood pressure. Mild trauma to an extremity,® trauma 
to the intestines * and burns* were studied, and the results indicated 
that the loss of plasma into the injured area was the chief if not the 
sole cause of the sustained low blood pressure that resulted. Evidence 
indicating that the decline in blood pressure in these experiments was due 
to a histamine-like substance was not found. It was believed that 
additional evidence as to the initiating agent in shock might be obtained 
from: comparative studies on the effects of hemorrhage, of trauma and 
of histamine on the cardiac output and blood pressure. It was for this 
purpose that these studies were performed. 


METHODS AND RESULTS 


Dogs were used in all the experiments. Sodium barbital (0.3 Gm. 
per kilogram of body weight administered intravenously ) was employed 


* Submitted for publication, Jan. 27, 1931. 

*From the Department of Surgery, Vanderbilt University. 

1. Blalock, Alfred: Mechanism and Treatment of Experimental Shock: I. 
Shock Following Hemorrhage, Arch. Surg. 15:762 (Nov.) 1927. 

2. Blalock, Alfred: Experimental Shock: The Cause of the Low Blood 
Pressure Produced by Muscle Injury in Dogs, Arch. Surg. 20:959 (June) 1930. 

3. Blalock, Alfred: Experimental Shock: VI. The Probable Cause for the 
Reduction in the Blood Pressure Following Mild Trauma to an Extremity, Arch. 
Surg. 22:598 (April) 1931; VII. The Importance of the Local Loss of Fluid in 
the Production of the Low Blood Pressure After Burns, ibid. 22:610 (April) 
1931; VIII. The Composition of the Fluid that Escapes from the Blood Stream 
After Mild Trauma to an Extremity, ibid. 22:617 (April) 1931. 
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as the anesthetic in most of the experiments, but in at least one experi- 
ment in each of the various groups to be described, morphine sulphate 
was used. The results were approximately the same with the two 
types of anesthetics. Sodium barbital was preferable in that it pro- 
duced deeper narcosis, while morphine anesthesia was supplemented by 
ether while the trauma was being instituted. Sodium barbital anesthesia 
was undesirable in that it alone produced a rather marked acceleration 
of the pulse rate and a lessening of the pulse pressure. Since more 
experiments were performed under barbital anesthesia than under 
morphine and since the advantages of its use seemed to outweigh the 
disadvantages, only the experiments that were performed with barbital 
as the anesthetic will be described in detail in this paper. 

The blood pressure was determined by placing in either the carotid 
or the femoral artery a cannula connected to a mercury manometer. 
Valves were employed for the determination of the maximum and 
minimum pressures. The consumption of oxygen was determined with 
the Benedict spirometer, the Roth graphic recording device being used. 
Samples of blood were withdrawn under oil from the right ventricle 
and femoral artery, and analyzed for their oxygen content in the Van 
Slyke-Neill manometric blood apparatus. The cardiac output was 
calculated by the Fick formula: 





Cc. of oxygen consumed per minute _ Cc. of blood passing through the lungs 
Cc. of oxygen taken up by 1 cc. of per minute 
blood in passing through the lungs 

The blood that was withdrawn for analyses was replaced by blood 
obtained from another dog. The pulse rate and temperature were 
determined frequently. 

In several control experiments, the effects of sodium barbital on 
the cardiac output and blood pressure were determined. In trained 
animals that had received no drugs except for the injection of procaine 
hydrochloride at the site of the introduction of a blood pressure cannula, 
the cardiac output and blood pressure were determined. Sodium 
barbital, 0.3 Gm. per kilogram of body weight, was then administered 
intravenously. The determinations were repeated thirty minutes later, 
ninety minutes later and at varying intervals thereafter. The adminis- 
tration of barbital was followed by an immediate increase in the pulse 
rate and a diminution in the pulse pressure. The cardiac output was 
usually greater thirty minutes after the giving of barbital than during 
the control period. Then it usually declined to a level slightly below 
that found in the control period and remained practically stationary for 
at least four or five hours. In experiments of this duration there was 
usually no further decline in blood pressure following the initial drop 
which occurred usually within ninety minutes after giving the barbital 
The results in one of the experiments in which the effects of barbital 
alone was studied are given in table 1. 
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In the following experiments, an interval of at least ninety minutes 
separated the giving of the barbital and the initial determinations. It 
is believed that this excludes largely the alterations due to the barbital 
itself. 

1. The Effects of Hemorrhage.A—After barbital was given and 
control determinations were made, whole blood which equaled 0.5 per 
cent of the body weight was removed from the femoral artery at one 
hour intervals. The early decrease in systolic pressure and rise in 
diastolic pressure which were found in the previous experiments? on 


TaBL_e 1—The Effects of Barbital on the Cardiac Output and Blood Pressure 








Arte- Arterio- Maxi- Mini- 
rial Venous venous mum mum 
Oxy- Oxy- Differ- Blood Blood Oxygen 
gen, gen, ence, Pres- Pres- Con- 
Pulse Tem- per per per sure, sure, sump- Cardiac 
Rate pera- Cent Cent Cent Mm. Mm. tion, Output, 
Weight, per ture, by by of of Ce. per Ce. per 
Time Kg. Min. F. Vol. Vol. Vol. He Hg Min. Min. 


3:20 p.m. (control)... 13.15 120 102.4 15.48 9.96 5.52 160 107 130.07 


2,356 
3:57 p.m. (30 minutes 
after barbital)...... beets 185 102.0 14.88 10.80 4.08 144 127 107.01 2,623 
4:57 p.m. (90 minutes 
after barbital)...... eesee 185 101.8 14.88 10.56 4.32 134 111 82.66 1,913 
7:45 p.m. (4 hr. 18 
min. after barbital) ..... 180 102.5 14.76 9.96 4.80 140 114 91.33 1,903 
9:30 p.m. (6 hr. after 
DOSUE eae ct hte aes ender 180 102.6 14.76 9.24 5.52 133 118 102.32 1,872 





TasLe 2.—The Effects of Hemorrhage on the Cardiac Output and Blood Pressure 








Arte- Arterio- Maxi- Mini- 
rial Venous venous mum mum 
Oxy- Oxy- Differ- Blood Blood Oxygen 
gen, gen, ence, Pres- Pres- Con- 
Pulse Tem- per per per sure, sure, sump- Cardiac 
Rate pera- Cent Cent Cent Mm. Mm. tion, Output, 
Weight, per ture, by by by of of OCec.per Ce. per 
Time Kg. Min. F. Vol. Vol. Vol. Hg Hg Min. Min. 


11:30 a.m. (control).. 21.05 129 100.0 17.52 13.68 3.84 162 136 131.00 3,412 
Bo eS eee 120 100.3 18.48 13.80 4.68 159 140 156.09 3,335 
2:10 p.m. 1.0%....... avews 150 100.8 17.76 13.80 3.96 140 125 142.07 3,588 
3:10 p.m. 1.5%....... woede 156 101.6 19.56 13.80 5.76 139 115 138.38 2,402 
4:10 p.m. 2.0%....... eéeee 164 102.4 19.56 12.84 6.72 137 113 144.46 2,149 
5:10 p.m. 2.5%....... cot 160 100.3 18.60 12.00 6.60 120 96 166.05 2,516 
6:10 p.m. 3.0%....... eames 167 100.0 19.44 10.56 8.88 117 107 168.63 1,899 
7:10 p.m. 3.5%....... Died 





hemorrhage under morphine anesthesia were not present in these ex- 
periments, possibly because barbital itself causes a diminution in the 
pulse pressure. In the present experiments, definite reductions in the 
cardiac output preceded significant alterations in the blood pressure just 
as in the previous experiments in which morphine was used. Changes 
in pulse rate are probably unimportant since barbital alone usually causes 
an extremely fast rate. The results of one of the experiments in which 
the effects of hemorrhage were studied are given in table 2. 





4. In one experiment the effects of the graded removal of blood plasma 
instead of whole blood were studied. The results were approximately the same in 
the two types of experiments. 
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2. The Effects of Severe Trauma to an Extremity.—The trauma was 
inflicted by striking the posterior extremities many times with a hammer. 
The skin was not torn and bones were not broken. The length of time 
during which the trauma was instituted was usually about fifteen 
minutes. The blood pressure usually rose slightly during the traumati- 
zation. The cardiac output always declined markedly before any definite 
reduction in the blood pressure occurred. The results of one of these 
experiments are given in table 3. 


TasLe 3.—The Effects of Trawma to an Extremity on the Cardiac Output and 
Blood Pressure 








Arterio- Maxi- Mini- 
Venous venous mum mum 
Oxy- Differ- Blood Blood Oxygen 
gen, ence, Pres- Pres- 
Pulse - per per sure, sure, 
Rate Cent 


Arte- 
rial 


Cardiac 
Output, 


Weight, per 
Time Kg. Min. 
10:45 a.m. (control)... 11.1 126 


Cent 
by 
Vol. 


16.20 
18.36 


by 
Vol. 
2.64 
3.00 


—_ Mm. 


0 
Hg 


140 
145 


of 

Hg 
100 
120 


Ce. ad Ce. per 


60.19 
64.34 


Min. 


2,280 
2,145 


12:05 p.m. (control).. 
12:45 to 1 p.m. trauma 
1:10 p.m. (10 minutes 
after trauma).. 
1:40 p.m. (40 minutes 
after trauma).. 
3:20 p.m. (140 min- 
utes aftertrauma).. .... ‘ : t 2. ’ 125 105 
5 p.m. (4 hours after 
trauma) inom eo eens . 5. 32 86 75 


17.88 6 154 124 
17.40 \ 155 125 


62.96 1,345 
65.73 1,480 
68.03 700 
80.49 493 





TaBLe 4.—The Effects of Intestinal Trauma on the Cardiac Output and Blood 


Pressure 








Arterio- Maxi- Mini- 

Venous venous mum mum 

Differ- Blood Blood Oxygen 
Pres- Pres- 


sure, sure, 
Mm. Mm 


Arte- 
rial 
Oxy- Oxy- 


y of of 

Time Kg. Min. F. > ‘ - Hg Hg 

12 noon (control).... 163 108 
12:30 p.m. trauma be 

gun at 1 whee m 155 114 

1:30 p.m 136 110 

15 p.m 39 30 


a 





3. The Effects of Trauma to the Intestines—The trauma was in- 
stituted by continuously mashing the intestines gently between the 


fingers after a midline abdominal incision had been made. In some 
of the experiments there was a definite decline in the blood pressure 
associated with the opening of the peritoneal cavity and the beginning of 
the trauma. In some of these experiments the blood pressure returned 
to or almost to the original level, while in others it remained definitely 
depressed. However, the alterations in the output of the heart were 
always much greater than the changes in the blood pressure. The 
results of an experiment in which there was a large decline in the cardiac 
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output before any definite alteration in the blood pressure occurred are 
given in table 4. The results of an experiment in which there was a 
drop in the blood pressure and a greater decline in the cardiac output 
are shown in table 5. 

4. The Effects of Burns.—With the animals profoundly anesthetized 
by barbital or by morphine and ether, burns were effected by the use of 
heated metal cauteries. During the time that the heat was being applied, 
the blood pressure usually fell slightly. This was not always the case, 
as in some instances it. definitely rose. Studies were performed at vary- 


TaBLe 5.—The Effects of Intestinal Trauma on the Cardiac Output and Blood 
Pressure 








Arterio- Maxi- Mini- 
rial Venous venous mum mum 
Oxy- Oxy- Differ- Blood Blood Oxygen 
gen, gen, ence, Pres- Pres- Oon- 


Pulse Tem- per per per sure, sure, sump- Cardiac 

Rate pera- Cent Cent Cent Mm. Mm. tion, Output, 

Weight, per ture, by by by of of Oc.per Ce. per 
Time Kg. Min. F. Vol. Vol. Vol. Hg He Min. Min. 
10:30 a.m. (control)... 10.2 102 98.8 20.64 18.00 264 150 93 62.73 2,876 
11:30 a.m. (control)... .... 102 98.6 19.92 16.92 38.00 162 106 66.42 2,214 

11:45 a.m. (trauma 

begun at 12:15p.m.)_.... 108 98.1 20.76 15.72 5.04 119 83 79.10 1,570 
rf ee re shes 116 98.0 2088 16.08 480 119 85 51.19 1,067 
1205 Pia vsescacxse 128 98.2 23.88 15.96 7.92 124 92 55.35 699 
SE Bice niivees cas 188 98.7 23.88 15.60 828 108 98 58.35 705 
C0 icco.s0cae0s es 180 97.5 22.08 6.48 15.60 68 53 41.51 266 





TABLE 6.—The Effects of Burns on the Cardiac Output and Blood Pressure 








Arte- Arterio- Maxi- — 
rial Venous venous mum 
Oxy- Oxy- Differ- Blood Blood Oxygen 
gen, gen, ence, Pres- Pres- Oon- 
Pulse Tem- per per per sure, sure, sump- Cardiac 
Rate pera- Cent Cent Cent Mm. Mm. tion, Output, 
Weight, per ture, by by by of of 


Cc. per Ce. per 
Time Kg. Min. F. Vol. Vol. Vol. Hg He Min. Min. 
ik Pree? 18.6 164 99.1 17.52 1404 3848 134 92 92.25 2,651 
SPOOR s harenres .. 180 1008 21.96 12.09 987 126 98 112.54 1,140 
Ee —. WW Wa 2a sae Se we 90 124.738 1,223 
SD Barack vartica —. WM Ms we 7.20 15.00 114 72 116.28 





ing intervals after the cessation of the burning. The cardiac output 
decreased markedly before there was a significant alteration in the blood 
pressure. The results of a typical experiment are given in table 6. 


5. The Effects of Histamine——After control determinations had been 
performed, histamine hydrochloride (Hoffmann-La Roche) was injected 
subcutaneously. The solution used consisted of 1 mg. of histamine per 
cubic centimeter of physiologic solution of sodium chloride. In most 
of the animals that were anesthetized by barbital, 5 mg. produced a 
definite decline in the blood pressure. Larger amounts were usually 
required when morphine was the anesthetic. The alterations in the 


lood pressure following the injection of histamine were marked, while 
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the changes in the cardiac output were comparatively small. In some 
instances following the initial injection of histamine, the cardiac output 
was unaltered and the blood pressure definitely declined. The results 
of such an experiment are given in table 7. In other instances, there 
was an initial increase in the output of the heart despite the fact that 
there was a definite decline in the blood pressure. An example of this 
effect is given in table 8. 
COMMENT 


The present studies do not include determinations of the volume 
of blood. It appears to be well established and generally admitted 
that alterations in the volume of blood precede changes in blood pres- 


TasL_e 7.—The Effects of Histamine on the Cardiac Output and Blood Pressure 





Arterio- Maxi- Mini- 
Venous venous mum mum 
Oxy- Differ- Blood Blood Oxygen 
gen, ence, Pres- Pres- Con- 
Pulse Tem- per sure, sure, sump- Cardiac 
Rate pera- Cent Mm. Mm. tion, Output, 
Weight, per ture, b by of of Oc.per Cc. per 
Kg. Min. F. Vol. Hg Hg Min. Min. 
2 p.m. (control)...... 16.52 140 98.4 . 3.60 147 120 96.86 2,691 
3 p.m. (after 20 mg. 
of histamine)........ 132 ; ; 3.48 94 66 89.48 2,571 
4 p.m. (after 25 mg. 
OE RISCRERG ccccces cccee 164 5.7 . . 4.32 73 56 92.62 2,144 


Time 








TaBLe 8.—The Effects of Histamine on the Cardiac Output and Blood Pressure 








Arte- Arterio- Maxi- Mini- 
rial Venous venous mum mum 
Oxy- Oxy- Differ- Blood Blood Oxygen 
gen, gen, ence, Pres- Pres- Con- 
Pulse Tem- per per per sure, sure, sump- Cardiac 
Rate pera- Cent Cent Cent Mm. Mm. tion, Output, 
Weight, per ture, by by by of of Ce. per Ce. per 
Time Kg. Min. F. Vol. Vol. Vol. Hg Hg Min. Min. 
40 p.m. (control).... 14.6 200 101.5 21.90 17.16 4.74 143 103 101.47 2,141 
724 p.m. (after 5 mg. 
of histamine) ecee 180 102.0 21.24 16.80 4.44 100 128.53 2,895 
:07 p.m. (after 10mg. 
of histamine) seen 180 102.4 21.00 13.92 7.08 


0 
4 


3 
4 
5 


127.51 


sure and cardiac output in the development of shock. The most 
generally used criterion as to the degree of shock is the systolic blood 
pressure. This is due in part to the fact that determinations of the 
blood volume and cardiac output are more difficult to perform, are less 
accurate and are more apt to result in harm to the patient. However, 
the fact that a large decrease in the output of the heart usually precedes 
a decline in pressure after'the production of injury has not been recog- 
nized. Wiggers,’ in his studies on the initial stages of abdominal 
shock, stated: “As the contour of the intraventricular pressure curves 


5. Wiggers, C. J.: Circulatory Failure: The Differentiation Between That 
Due to Shock and That Due to Other Causes, J. A. M. A. 70:508 (Feb. 23) 1918 
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do not alter, as the heart rate, if it undergoes any change, increases, and 
is the pulmonary arterial pressure remains unaltered, the conclusion is 
reached that the reduction in the blood content and fall of pressure in 
the arteries is not due to a decrease in the minute volume of the heart, 
but to a reduction in the total arterial resistance.” That the output of 
the heart is lessened does not indicate that it is unable to perform its 
work, but rather that there is a smaller amount of blood returning to 
it because of the diminished volume of blood, and hence that it has a 
small output. Information concerning the cardiac output following 
injury stresses the serious nature of a declining blood pressure. When 
the systolic pressure reaches a level of 80 mm. of mercury the output 
of the heart is usually no more than one third of its original value. 
Many observers who have studied shock produced by trauma to the 
intestines have commented on the decline in pressure that is frequently 
associated with the opening of the peritoneal cavity and the beginning 
of the trauma. In regard to the,changes that are found Wiggers ® 
stated: “A glance at the results presented in this chart shows that 
while the preliminary stage of the experiment involving the abdominal 
incision and removal of the intestines produces temporary reactions and 
often leaves the arterial and venous pressures somewhat low, the changes 
are not sufficient to be considered as even an initial stage of circulatory 
failure.” Similar alterations in the arterial pressure were found by us 
in some of the experiments on burns during the time that the injury 
was being instituted. It seems probable that the condition is closely 
related to that which is described as primary shock in which there is a 
temporary dilatation of many capillaries with a fall in blood pressure and 
most likely in cardiac output. For fear of misunderstanding we would 
like to emphasize at this point that this and the previous papers of this 
series are concerned with secondary shock and not with the low blood 
pressure that sometimes appears immediately on receipt of an injury. 
The finding of most interest in these experiments is that after hemor- 
rhage, after trauma to the intestines and to an extremity and after burns 
significant alterations in the cardiac output precede those in the blood 
pressure, whereas the reverse order is found when histamine is injected. 
It does not prove but is evidence that histamine is not responsible for 
the shock that develops after injury. The fact that the studies on 
hemorrhage and on trauma gave closely similar findings supports the 
results in previous experiments of this series in which the loss of fluid 
from the blood stream into the injured area was determined. It is 
realized that the present paper does not include studies on the products 
of protein decomposition which are slower in their action than histamine. 





6. Wiggers, C. J.: The Initial and Progressive Stages of Circulatory Failure 
in Abdominal Shock, Am. J. Physiol. 45:485, 1918. 
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Such products may be responsible in part for the development of 
shock, and it is possible that they affect the cardiac output and blood 
pressure in the same manner as hemorrhage and trauma rather than like 
histamine. Neither do the present studies include determinations on 
the effects of very small amounts of histamine administered slowly. 
In regard to this point Professor Abel,’ in a recent personal communica- 
tion, stated: “Professor Gibbs of Halifax who is spending some time 
in my laboratory tells me that when you inject into the blood stream 
of cats a weak solution of histamine you can inject a very large quantity 
slowly without causing any fall of blood pressure during an hour or an 
hour and a half. Indeed there may be a slight rise of blood pressure. 

Then all at once the blood pressure falls quickly to a fatal level 
and the animal passes out.” Since in some of our experiments with his- 
tamine there was an increase in cardiac output at a time when the blood 
pressure had definitely fallen, it seems unlikely that an increase in blood 
pressure would be accompanied by a decrease in the output of the heart. 
The experiments mentioned by Professor Abel were performed on cats, 
and it is known that dogs and cats do not exhibit identical reactions to 
histamine. 

SUMMARY 


The cardiac output and blood pressure have been determined 
repeatedly in experiments on the effects of (1) graded hemorrhages, (2) 


trauma to an extremity, (3) trauma to the intestines, (4) burns and 
(5) the subcutaneous injection of -histamine. Hemorrhage and the 
various types of injury were associated with, first, a significant decline 
in the output of the heart, followed by a drop in the blood pressure. 
On the other hand, following the injection of histamine, the blood pres- 
sure declined first and the cardiac output subsequently. No evidence 
for the initiating action of histamine in the production of traumatic 
shock was found in these experiments. 


PROTOCOLS 


EXPERIMENT 1.—3: 20 p. m., control determinations. 3:27 p. m., sodium barbital 
(3.9 Gm.) given. 3:57 p. m., thirty minutes after administration of barbital, 
determinations. 4:57 p. m., ninety minutes after barbital, determinations. 7 : 45 
p. m., four hours and eighteen minutes after barbital, determinations. 9:30 p. m., 
six hours after barbital, determinations. Eleven hours later, the blood pressure 
had declined to 94 systolic and 80 diastolic. 


EXPERIMENT 2.—8:00 a. m., sodium barbital (6.3 Gm.) given. 11:30 a. m, 
control determinations. 1:00 p. m., bled 105 cc. 1:10 p. m., determinations. 
2:00 p. m., bled 105 cc. 2:10 p. m., determinations. This was repeated at hourly 
intervals, the dog dying at 7:10 p. m. after the removal of a total amount of 
blood equaling 3.5 per cent of the body weight. 


7. Abel, John J.: Personal Communication to the author, 1930. 











JOHNSON-BLALOCK—EXPERIMENTAL SHOCK 863 


EXPERIMENT 3.—8: 20 a. m., barbital (3.1 Gm.) given. 10:45 a. m., control 
determinations. 12:05 p. m., control determinations. 12:45 to 1 p. m,, leg 
traumatized. 1:10 p. m., ten minutes after termination of trauma, determinations. 
1:40, 3:20 and 5 p. m., determinations. 

EXPERIMENT 4.—9 a. m., barbital (3 Gm.) given. 12 noon, control determina- 
tions. 12:30 p. m., peritoneal cavity opened and trauma begun. Trauma con- 
tinued and determinations performed at 1, 1:30 and 2:15 p. m. 

EXPERIMENT 5.—8: 30 a. m., barbital (3 Gm.) given. 10:30 and 11:30 a. m., 
control determinations. 11:45 a. m., peritoneal cavity opened and trauma to the 
intestines begun. Trauma continued and determinations performed at 12: 15, 
12:45, 1:45, 2:45 and 5 p. m. 

EXPERIMENT 6.—8: 50 a. m., barbital (4.1 Gm.) given. 11 a. m., control deter- 
minations. 11:15 to 11:45 a. m., approximately one fourth of body surface 
burned. 12 noon and 1:30 p. m., determinations. 1:45 to 2 p. m., additional 
burning. 3 p. m., determinations. 

EXPERIMENT 7.—10 a. m., barbital (4.9 Gm.) given. 2 p. m., control determina- 
tions. 2:40 p. m., 20 mg. of histamine given subcutaneously. 3 p. m., determina- 
tions. 3:10 p. m., 5 mg. of histamine. 4 p. m., determinations. The blood 
pressure remained depressed after the initial injection of histamine. 

EXPERIMENT 8.—8:40 a. m., barbital (4.4 Gm.) given. 3:40 p. m., control 
determinations. 4:20 p. m., histamine (5 mg.) given subcutaneously. 4:24 p. m., 
determinations. 4:44 p. m., blood pressure still depressed; 5 mg. of histamine 
given subcutaneously. 5:07 p. m., determinations. 
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KIDNEY 

/ umor.—Mackey * stated that hemangiomas of the kidney are rare 
but sigmificant because of the urgent necessity at times of surgical pro- 
cedures for severe hemorrhage. In a case of his a diagnosis of renal 
tumor was made because of symptoms of renal colic, severe unilateral 
hemorrhage and the shadow of a filling defect in the pyelogram. An 
angioma of the lower major calix was found. 

Mackey reviewed from the literature 17 cases of renal angiomas 
which caused hemorrhage sufficiently severe to necessitate surgical treat- 
ment. The cases are classified according to their situations in order to 
determine whether they may be distinguished by any constant clinical 
feature. In 6 cases the wall of the renal pelvis was involved, and the 
suddenness and severity of the hemorrhage necessitated immediate inter- 
vention. In none of the 4 cases of angioma of the cortex or the pyra- 
mids did hemorrhage constitute a surgical emergency. There was no 
outstanding distinguishing feature, and the diagnosis rested on the 
exclusion of other causes of hematuria. It is justifiable to suspect 
angioma of the renal pelvis when unilateral hemorrhage occurs, espe- 
cially if the patient is young, and without other urinary signs or symp- 
toms dramatic in onset and so severe as to demand nephrectomy. Since 
subepithelial hemorrhage of the pelvis, a not uncommon cause of 
so-called essential hematuria, often responds to intrapelvic injection of 
silver nitrate, this treatment should be used. 


1. Mackey, W. A.: Haemangioma of the Kidney, Brit. J. Surg. 18:308 (Oct.) 
1930. 
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Although angiomas are simple tumors and fairly small, the diffi- 
culty of localization or the inaccessibility of those involving the pelvis 
make conservative treatment by nephrotomy and cauterization unsatis- 
factory, and nephrectomy is usually indicated. 

Bailey * stated that hemangioma of the kidney is difficult to localize 
and to treat conservatively, as illustrated by his case in which there was 
severe hemorrhage from the right kidney. Frequent attacks of hema- 
turia made nephrectomy necessary. Three or four sections of the 
removed kidney were required before a small interpyramidal heman- 
gioma was found in the upper pole. 


[Ep. Note.—Hemangiomas of the kidney are usually small, most of 
them being less than 1 cm. in diameter. They may cause profuse bleed- 
ing and are extremely difficult to recognize, since the pyelogram shows 
little that is abnormal. They are commonly on the border of the pelvis, 
so that they bleed into the pelvis. In most cases the tumor does not 
show any other pathologic change, except a small localized area of 
cavernous tissue. | 





Schiffmann * described a case of a combined sarcoma and hyper- 
nephroma of the kidney and of connective tissue of the pelvis. The 
patient, a woman, aged 68, was operated on and died three days later. 
The pelvic tumor lay retroperitoneally and measured 16 by 12 by 11 cm. 
Microscopically, it was found to consist of a capsule of connective tissue 
that sent septums into the depths of the tumor. One section consisted 
of a giant cell sarcoma, one of hypernephroma, and in one both types 
of tumor were closely associated. At necropsy a tumor of the left 
kidney with a thrombus in the renal vein was also found; this contained 
a necrosing fibroma, a large area of hypernephroma and a small island 
of giant cell sarcoma. 

The pelvic tumor might have been a coincident primary growth or 
metastasis. The rests of suprarenal cortex are sometimes found in the 
pelvis, and such a tumor might be primary there, although it is more 
probable that the growth was metastatic. Schiffmann also stated as his 
belief that the tumor described is a true mixed tumor analogous to the 
carcinosarcoma of the uterus, and that the sarcoma cells are not deriva- 
tives of the hypernephroma. 

Uluhogian * reported a case of a rare tumor of the kidney called 
sarcoma carcinomatode by Billroth. A man, aged 43, experienced pain 


2. Bailey, Hamilton: Haemangioma of the Kidney, Brit. J. Urol. 2:375 (Dec.) 
1930. 

3. Schiffmann, J.: Hypernephroides Sarkom im Beckenbindegewebe-Hyper- 
nephroides Sarkom der Niere, Arch. f. Gynak. 141:685, 1930; abstr. in Am. J. 
Cancer 15:492 (Jan.) 1931. 

4. Uluhogian, L.: Sopra un caso di sarcoma alveolare o cosidetto sarcoma 
‘arcinomatode del rene, Tumori 4:230, 1930; abstr. in Am. J. Cancer 15:493 

Jan.) 1931. 
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in the lumbar region, vomiting and hematuria. A large, firm, irregu- 
larly spherical tumor which moved with respiration was felt in the region 
of the left kidney, and nephrectomy was done. The kidney was three 
times the size of a normal kidney, and was covered with whitish nodules. 
On section, the tumor invaded the entire substance of the kidney. It 
was composed of polymorphic cells, some being similar to lymphocytes 
except that they had more protoplasm and a more irregular arrange- 
ment of chromatin, whereas others were large and clear, with oval 
nuclei and of various shapes. There were also some very large and 
irregularly shaped cells, which were arranged in compact masses or in 
loose alveolar formation, and contained none of the lipoid that charac- 
terized the cells of hypernephroma. In the larger nodules there was 
reticular stroma containing newly formed fibroblasts which separated 
the single tumor cells from each other. 

Uluhogian stated his belief that this structure is characteristic of 
tumors of mesenchymal origin, and classified it as an alveolar sarcoma. 
Nine months after operation the patient died following local recurrence 
of pulmonary, hepatic and splenic metastasis. 

Cysts —Higgins ® stated that solitary cysts of the kidney are more 
common than the literature indicates. A roentgenogram may reveal the 
presence of a cyst, especially if it arises from the lower pole of the 
kidney. Preoperatively, a pyelogram may show a normal kidney, func- 
tional tests may be normal and there may be no urinary symptoms. 
Conservative renal surgical measures are the indicated treatment for this 
condition, either by dissection of the cyst away from the renal tissue, 
or by removal of the cyst together with a small wedge-shaped portion 
of the pole of the kidney. This will allow adequate approximation of 
the renal tissue. Nephrectomy should be performed, if deemed advis- 
able, only in the presence of some coexisting renal pathologic condition, 
such as tumor, tuberculosis or calculi. 

Stirling * reviewed 31 cases of large, solitary hemorrhagic cysts of 
the kidney, including a case of his own. There were 17 men and 14 
women in the series ; the average age was 42 years. Twenty-two patients 
were cured, and 9 died. The right kidney was affected in 14 cases and 
the left in 17; the lower pole of the kidney was the site most frequently 
involved. The size of the cyst varied from that containing a few cubic 
centimeters of blood to that containing 4 liters (4,000 cc.). 

Hemorrhagic renal cysts are extremely rare and should not be con- 
fused with solitary serous cysts. The wall of the cyst of the hemor- 
rhagic type is thicker and the contents are different from those of the 

5. Higgins, C. C.: Solitary Cysts of the Kidney, Ann. Surg. 93:868 (April) 
1931. 


6. Stirling, W. C.: Large Solitary Hemorrhagic Renal Cyst with Review of 
the Literature, J. Urol. 25:213 (Feb.) 1931. 
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serous type. Branch found solitary cysts in 4 per cent of cases in a 
series of necropsies, but Ewing pointed out that these included the 
common cysts of chronic nephritis. There are no pathognomonic symp- 
toms of this condition. A dull, dragging pain with a sense of fulness, 
with the presence of an indefinite mass in the side, was present in prac- 
tically all of the cases reported. Tenderness over the mass is also usually 
present. 

Resection of the cyst with removal of a wedge-shaped area of renal 
tissue, including the mucous surface of the cyst, is the procedure of 
choice, provided the functioning capacity of the kidney is good. Owing 
to the-enormous size of some of these cysts, rupture may take place in 
delivery. This may cause profuse hemorrhage which will require either 
packing or removal of the kidney. Aspiration of the contents of the 
cyst, if possible, helps in the prevention of soiling the operative field. 
As carcinoma was found in the wall of the cyst in some cases reported, 
the cyst should be examined immediately for any signs of malignancy. 

Herbst and Vynalek * stated that solitary serous renal cysts, although 
uncommon clinically, occur frequently enough to warrant consideration 
and elimination in all masses of the abdomen. A frequent roentgeno- 
graphic observation is the outline of the shadow of the cyst itself, in 
close approximation to the solid renal shadow, and with density in 
marked contrast to that organ. A cyst large enough to cause clinical 
symptoms is often associated with an abnormal pyelogram, which, 
although seldom absolutely typical of the cyst, indicates pathologic 
changes in the kidneys. Resection of a wedge-shaped portion of renal 
tissue with the cyst is the treatment of choice. This method is less 
likely to be followed by secondary hemorrhage than an attempt at 
simple resection of the wall of the cyst. Nephrectomy should be done 
only in cases of extreme injury to the kidney, or if associated carcinoma 
is suspected. 

Perinephritic Abscess——Rolnick and Burstein*® reported 55 cases 
of perinephritic abscess. In a number of cases there was, from the 
first, definite evidence of tumor and bulging in the loin. In most of 
the cases a period of observation from a few days to ten weeks was 
required before diagnosis could be made and treatment instituted. The 
symptoms were fever, usually prolonged, fairly marked leukocytosis 
varying from 12,000 to 35,000 leukocytes, and, in most cases, costo- 
verttbral or abdominal tenderness which often appeared early. In 21 
cases, previous renal disease or evidences of old renal involvement had 


7. Herbst, Robert; and Vynalek, W. J.: Solitary Serous Renal Cysts, J. A. 
M.A. 96:597 (Feb. 21) 1931. 


8. Rolnick, H. C., and Burstein, H. J.: Perinephritic Abscess: Review of a 
Series of Cases, J. Urol. 25:507 (May) 1931. 
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been noted. In 31 cases the lesions were apparently metastatic, although 
the foci of infection could not be determined in every case. In 4 of 5 
cases in which the diagnosis of perinephritic abscess had been made, 
either pyonephrosis or calculous kidney was discovered later. Seven 
of the 55 patients died, 2 of these following nephrectomy as a secondary 
operation, thus the actual number of deaths due to perinephritic abscess 
was 5, 

Several metastatic or hematogenous infections were readily diag- 
nosed. Definite evidence was noted of bulging in the loin with a his- 
tory of chills, fever and localized pain for three to eight weeks before 
the patients entered the hospital. Repeated urinalysis, cystoscopic 
examinations and pyelograms usually gave negative results during the 
early weeks of metastatic infection. Roentgenographic evidences of 
obscuring the lateral border of the psoas muscle by the abscess could 
not be demonstrated in four cases. In a number of cases delayed 
excursion, elevation and rigidity of the diaphragm on the side affected 
was noted, an observation of diagnostic value although the condition 
might be mistaken for a subphrenic abscess. Puncture and aspiration 
were the most valuable diagnostic aids. The diagnosis was determined 
in 8 of the 12 cases in which this was done. 


In 6 cases in which pus from the abscess was examined, Bacillus 
coli was found in 2 cases, Staphylococcus albus in 2, pneumococcus in 


1 and Streptococcus hemolyticus in 1. Cultures of the blood yielded 
positive results in 2 cases; in 1 case Staphylococcus albus and in the 
other Streptococcus viridans were found. The staphylococcus was the 
offending organism in most of the hematogenous infections. Nearly 
all the metastatic infections were secondary to furuncles, carbuncles or 
infections of superficial tissue. 


Birdsall,® in a review of various reports on perinephritic abscess, 
did not find a single instance in which primary infection developed 
independent. of renal or extrarenal focus and resulted in the formation 
of a perinephritic abscess. Primary forms of perinephritic abscess may 
arise from trauma and injuries in the lumbar region when there is 
penetration or laceration. Secondary perinephritic suppuration may 
extend from extrarenal or renal foci or be carried by the blood or 
lymph channels. Braasch, in a review of 101 cases in which operation 
was performed for abscess in the perinephritic tissues, found that in 34 
the condition was secondary to lesions outside the kidney. Habein 
reported 44 cases of perinephritic abscess, in 23 of which there was a 
history of boils, carbuncles, abscess and tonsillitis. In the remaining 
21 cases a history of primary infection was not ascertained. Habein was 
of the opinion, however, that in 100 per cent of cases of perinephritic 


9. Birdsall, J. C.: Perinephritic Abscess, J. Urol. 25:405 (April) 1931. 
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abscess in which there is no evidence of primary renal disease, there 
is a history of such infection preceding the onset of abscess. 

The characteristic symptoms of perinephritic abscess are pain, ten- 
derness, tumor and fever. Chills, high fever and generalized aching 
pains may be present at the onset. The pain, steady, dull and aching, 
is at first confined to the loins; later, any movement of the trunk or 
leg on the affected side increases it. 

Early diagnosis may avoid marked renal injury and general sepsis. 
Urinalysis and localizing symptoms lead to investigation of the affected 
kidney. Miller emphasized two points in the diagnosis; the existence 
of a fixed point of greatest tenderness over the renal triangle, and the 
exceptionally high leukocyte count. In 23 cases of his series the lowest 
count was 11,700 and the highest 48,800, with a general average of 
24,700 in each cubic millimeter of blood. Roentgenograms disclosed 
that the spinal column curved away from the affected side; this cccurs 
in other diseases of the kidney, and the outer margin of the psoas 
muscle is obscured by the abscess. 

The mortality from perinephritic abscess depends on the cause, early 
diagnosis and promptness in evacuating the abscess. Hunt, in a series 
of 106 cases of perinephritic abscess observed at the Mayo Clinic, 
reported 7 (6.6 per cent) deaths in hospital. Twelve patients died 
from one month to five years after operation, a total mortality of 17.9 
per cent up to five years after operation. 

Early drainage is sufficient in most cases of perinephritic abscesses 
which develop from single cortical abscesses or are metastatic in origin. 





[|Ep. Note.—Perinephritic abscesses are usually either acute, sub- 
acute or chronic. The chronic form is more common and, as a rule, 
more difficult to diagnose. The diagnosis of recent stapylococcus infec- 
tion, such as furuncle, carbuncle, felon or sore throat, should be taken 
into consideration. In a large percentage of cases the etiology cannot 
be determined. The urine not uncommonly is normal and is not of aid 
in diagnosis. Exploratory puncture has been advocated by several sur- 
geons recently. At times the pus is too thick to come through a 
needle, and a negative puncture does not rule out the presence of 
abscess. In some cases the abscess is small, near the upper pole of 
the kidney, and is located only with difficulty. Occasionally it is neces- 
sary to circle the kidney almost completely with the exploring finger 
before the abscess in found.] 


Mycosis —Lundquist *° reported a case of Oidium infection in 
which the symptoms of acute unilateral pyelonephritis were progressive 


10. Lundquist, C. W.: On Primary Mycosis of the Kidney, Brit. J. Urol. 3:1 
(March) 193}. 
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and severe enough to require nephrectomy. On section of the kidney 
numerous miliary abscesses were found. At the center of each was a 
fungous growth of a species of Oidium. Fungi or other bacteria were 
not found outside the abscesses. 

Fungous infection of the kidney, especially primary, is extremely 
rare. Twelve cases of primary actinomycosis and 6 cases of nonactino- 
mycotic fungoid disease have been reported, a case of sporotrichosis, 3 
cases of infection due to Oidium albicans, 1 due to Cryptococcus 
renalis and a case of enantiothamnosis. 

Cases have been too few to establish a clinical picture, although in 
primary renal actinomycosis prominent features are anemia, malaise and 
recurrent hematuria. There is absence of secondary vesical symptoms 
typical of tuberculosis, and there is marked perinephritis with infiltra- 
tion and often fistulas. The diagnosis is rarely made preoperatively, 
although the fungi may be found in the urine. In nonactinomycotic 
infections, the clinical picture resembles that of acute suppurative pyelo- 
nephritis. 

Pyelonephritis—Mathé*' stated that the distinguishing feature in 
the differential diagnosis is careful urinalysis. Too much reliance should 
not be placed on culture of the urine in ascertaining the nature of infec- 
tion, as the colon bacillus will often overgrow and outshadow the 
staphylococcus, streptococcus and other organisms. Colon bacillus was 
recovered in 64 cases in which the stained smear had previously shown 
cocci alone or a mixed infection of cocci and bacilli. 

Early catheterization and drainage in acute pyelitis is advisable in 
all cases in which acute hydronephrosis is suspected as being due 
chiefly to obstruction caused by congestion, which in turn results from 
inflammatory processes in the ureter and pelvis and lead to greater nar- 
rowing of the physiologically constructed portions of the ureter, notably 
its intramural portion and the ureteropelvic juncture. 

The modern treatment of chronic pyelonephritis consists of eradi- 
cation of all possible foci of infection, of the elimination of stasis in 
the upper and lower parts of the urinary tract, of drainage and lavage 
as a routine, alternating silver nitrate with the penetrating dyes, and 
the employment of local immunization by injection of the filtrate directly 
into the renal pelvis. 

Of 347 cases observed for several years, the condition in 45 was not 
improved. In 30 cases there was stasis either in the upper or lower 
part of the urinary tract, which was a factor in lowering the resistance 
of the kidney, making it more susceptible to infection. In 115 cases 
improvement was only slight; relief from symptoms was more or less 


11. Mathé, C. P.: The Differential Diagnosis and Modern Treatment of Pyelo- 
nephritis, J. Urol. 24:119 (Aug.) 1930. 
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transitory, but the urine remained infected. Because of progressive 
destruction of the kidney nephrectomy was performed in 15 cases; it 
was performed for pyonephrosis in 8 cases ; for advanced pyelonephritis 
with recurrent stone formation in 3, and for persistent hemorrhagic 
pyelonephritis with atrophy and obliteration of the ureter in 2 


Hydronephrosis—Schmidt ** stated that the question of accessory 
renal vessels in relation to the production of hydronephrosis has been 
demonstrated during operations to be a fact. He observed that under 
pyeloscopy such a renal vessel filled with contrast fluid experienced 
difficulty iri emptying, and that only a minimal amount of emptying 
ensued. In cases in which the vessels were sectioned and nephropexy 
performed, the patients usually obtained relief. A ureteropelvic anasto- 
mosis was done only in cases in which the accessory renal vessels were 
too large to section. 


Beach ** produced paralysis of the ureter by application of nicotine 
to the free ureter of an anesthetized dog, and observed that dilatation 
of the segment followed if peristalsis persisted for at least a half hour. 
Segmental atony of the ureter in the rabbit and dog was produced 
experimentally, under aseptic technic, by removal of a segment of the 
ureter and reestablishment of its lumen by means of a glass cannula. 
Dilatation of the ureter both above and below the cannula and slight 
dilatation of the renal pelvis occurred in every case in which the cannula 
remained patent. Dilatation was noted as early as the third day after 
operation in the rabbit and after forty days in the dog, and persisted in 
the absence of infection and obstruction. Beach concluded that hydro- 
ureter and hydronephrosis were caused by experimentally produced 
atony of a segment of the ureter. 


Calcified Arteries—Fish and Hallock * stated that calcification of 
the walls of the large intrarenal branches of the renal arteries in such 
a way as to give the roentgenologic appearance of calculi or tuberculous 
calcification is extremely rare. They reported a case that is of peculiar 
diagnostic interest to the roentgenologist, internist, surgeon and urolo- 
gist, as shadows such as those shown in the roentgenogram are perhaps 
not infrequently seen, and, when associated with pyuria, hematuria or 
pain, offer a difficult diagnostic problem between calculous disease of 
the kidney and tuberculosis. 


12. Schmidt, Albin: Die Rolle der akzessorischen Gefisse bei der Entstehung 
der Hydronephrose, Ztschr. f. Urol. 24:414, 1930. 


13. Beach, Watson: Atony of the Ureter in the Production of Hydronephrosis, 
J. Urol. 25:367 (April) 1931. 


14. Fish, G. W., and Hallock, L. A.: Calcification of Intrarenal Arteries 
Giving Roentgen Appearance of Calculi, J. A. M. A. 96:1935 (June 6) 1931. 
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URETER 

Calculi—Tschernjak ** stated that conservative methods should 
always have preference over surgical procedures in cases of ureteral 
stone, because of the possibility of recurrence. In early days herbs, 
colon bacillus vaccines and various chemical reagents were suggested 
to dissolve the stones. Procedures such as enlarging the ureteral 
orifice, dilatation of the ureter by bougies, and the use of special instru- 
ments have been advocated at various times. Drinking large quantities 
of water so as to increase ureteral peristalsis has been advocated ; 
Casper stated that with the ingestion of 1,500 cc. of water the ureter 
contracts 3,000 times in twenty-four hours. Increasing the water intake 
will raise the number of contractions to 10,000. Other observers believe 
that taking a large amount of water at one time will produce a sudden 
secretion of water. The introduction of substances such as glycerin 
into the ureter through a catheter appears to have been successful in 
some cases. The use of drugs hypodermically has been tried. Morphine 
has been found to increase instead of relax the ureteral muscular tonus. 
The use of paravertebral anesthesia has been mentioned, to produce 
temporary diuresis. Casper found this method of no avail; Tschernjak 
appeared to be partial to the use of drugs. Of 11 cases of ureteral 
calculus, there was successful passage of stone in 9 and partial success 
in 1. Pituitary extract definitely increases ureteral peristalsis and aids 
in expulsion of the stones. Stones in the renal pelvis are not affected 
by these conservative measures. 

Barney and Chute *® studied a series of 123 cases in which the 
diagnosis was definitely stone in the ureter in the portion below the 
brim of the bony pelvis. There were 4 deaths (3.2 per cent) in the 
hospital, 2 of them during operation. Stones were removed from 
the ureter by cystoscopic manipulation in 35 of 68 cases. 

Some of the requisites in the nonsurgical treatment of ureteral 
calculus are changing the position of the stone in the ureter so that 
the pressure of urine behind it will be more effective, dilating the 
ureteral lumen so that the stone may be forced through, or using an 
instrument which will grasp the stone and extract it. It is important 
to move the stone so that its long axis lies more or less parallel with 
the ureter. This may often be done by passing a ureteral catheter 
beyond the stone or up to it. Better results may be obtained by also 
dilating the ureter below the stone. The dilatation has been accom- 
plished with one or two ureteral catheters of sizes as large as would 


15. Tschernjak, I. S.: Zur Frage der konservativen Behandlung der Harn- 
leitersteine, Ztschr. f. Urol. Chir. 31:20, 1930. 

16. Barney, J. D., and Chute, Richard: The Management of Calculi in the 
Lower Ureter, J. Urol. 25:173 (Feb.) 1931. 
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pass, or with the largest Garceau catheter which would pass to or 
beyond the stone. In many instances the catheter was allowed to 
remain in place from twenty-four to seventy-two hours. These methods, 
combined with incisions of the orifice of the ureter, either with cysto- 
scopic scissors or with diathermy electrode, were most frequently used. 

Operation was performed seventy-three times on 72 patients with 
the removal of 80 stones. The incision just above and parallel to 
Poupart’s ligament was used in 32 cases, and the mesial incision was 
used in 34 cases. The advantages of the mesial incision are that it per- 
mits operation, if necessary, on both ureters through one incision, and 
allows opening the ureter down to the ureterovesical juncture. With the 
incision above and parallel to Poupart’s ligament it is not difficult to 
find the ureter, but it is impossible to open it at such a low point as 
in the mesial incision. The incisions require little, if any, hemostasis ; 
they do not involve the peritoneal cavity and do not injure important 
structures. Hernia has never been observed to follow either operation. 

Carson ** reported a case of large ureteral stone in which nephrec- 
tomy in two stages was performed. At the first operation 1,000 cc. 
of pus was removed by nephrostomy on the left side. At the second 
operation two calculi, one 4 cm. and one 8 cm., were removed from the 
left ureter. At the third operation the left kidney was removed, and 
four months later left ureterectomy was performed. 


Tumor.—Davis and Sachs ** reported a case of primary epithelioma 
of the ureter, in which a positive diagnosis was made when the ureteral 
wall was still intact, before the tumor had become large, before any 
changes in the kidney secondary to obstruction had taken place and 
before visible implants in the lower part of the ureter or obstruction 
in the ureter to the passage of a catheter had occurred. The kidney 
was first removed, and the ureter was removed one year later. The 
tumor was a low grade, papillary squamous cell epithelioma, about 2.5 
by 2 cm. in size. The bleeding was definitely established as being 
ureteral rather than renal. Clear urine was obtained from the renal 
pelvis coincident with the time that there was visible bleeding from 
the orifice of the ureter on the same side. This unique condition sug- 
gested the diagnosis of ureteral tumor. 

Renner *° described a case of carcinosarcoma of the right ureter. 
The tumor rose approximately from the middle of the posterior wall 
of the ureter and filled practically the whole ureter as a sausage-shaped 
formation, about 2 cm. thick. It penetrated into the urinary bladder 


17. Carson, W. J.: Giant Ureteral Calculi, Ann. Surg. 91:141 (Jan.) 1930. 
18. Davis, Edwin; and Sachs, Adolph: Primary Epithelioma of the Ureter, 
J. A. M. A. 96:2096 (June 20) 1931. 


19. Renner, M. J.: Primary Malignant Tumors of the Ureter, Surg., Gynec. 
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and ended in a round swelling about 6 cm. in diameter. The tumor of 
the ureter was considered to be a real carcinosarcoma, and it was 
assumed that local predisposition of the tissue was already present in 
early embryonic stage, thus causing formation of the growth. 

Of other malignant growths, about 50 ureteral carcinomas and 
about 10 tumors of the mesenchyme, most of them malignant, have been 
reported up to the present. 

Pyoureter.—Jeck *° stated that pyoureter is caused chiefly by obstruc- 
tion and injury to the nerve supply of the ureter resulting in absence 
of peristalsis and lack of tonus. The principal causative factor in most 
cases is ureteral stone. The relative occurrence of pyoureter, including 
even cases of stone, is small. It can be prevented by proper treatment 
of the ureter and its contents at the time of nephrectomy. A few 
cases may be successfully treated by conservative measures, such as 
fulguration and irrigation, but ureterectomy, especially complete ureter- 
ectomy, is indicated in most cases. 

Plastic Operations—Ormond * presented the following as his per- 
sonal conclusions regarding plastic operations on the ureter: in selected 
cases plastic operations on the ureteropelvic juncture are indicated, the 
type depending on the individual case. Nephropexy of some kind, as 
well as splinting of the ureter with catheters according to Peck’s method, 
may be used in most cases. Pyelogram of the supposedly uninvolved 
kidney should be part of the diagnostic procedure in every case of 
hydronephrosis. In case of a markedly injured kidney or if patients 
are elderly, nephrectomy is preferable to plastic operation unless the 
other kidney is injured or is in an early stage of the same condition. If 
the patient cannot afford the expense of a long convalescence, the 
follow-up treatment, and the possible time loss and expense of a second 
operation, nephrectomy is to be preferred to a plastic operation in the 
presence of a normal function on the opposite side, even if patients are 
young. In cases of aberrant vessels, the procedure to be followed is 
to be decided by the size of the vessel; section in the case of small 
vessels, and transplantation of the ureter to the other side of the vessel 
in case of the larger vessels. 

BLADDER 

Tumors.—Higgins ** stated that the majority of benign tumors of 
the bladder reported in the literature have contained smooth muscle 
tissue. Ina series of 38 cases, this element was present in 34; 4 were 
fibromas. 


20. Jeck, H. S.: Pyo-Ureter, Surg., Gynec. & Obst. 52:1158 (June) 1931. 
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Fibroma arises in the mucosa of the bladder ; as it enlarges it grows 
out into the bladder. On microscopic examination the bundles of fibers 
are found to be closely packed, and a few blood vessels may be seen 
coursing in a direction parallel with the thick, fibrous bundles. These 
tumors may undergo calcification and necrosis on account of their lack 
of blood supply. 

Leiomyomas are tumors composed chiefly of nonstriated or smooth 
muscle and resemble tumors of the uterus. In the cases reported, 
leiomyomas have varied from 1 to 5 cm. in diameter. They may be 
single or multiple. Grossly, these tumors consist of dense, firm nodules, 
which may or may not be pedunculated. The nodules are sharply 
demarcated from the wall of the bladder, their consistence depending 
on the ratio of muscle elements to the connective tissue. Microscopi- 
cally, these tumors consist of smooth muscle fibers arranged in interlac- 
ing bundles. The stroma consists of connective tissue through which 
the blood vessels course. 

Rhabdomyomas are tumors containing striated muscle, and histo- 
logically are more complex than other tumors of the bladder. These 
neoplasms are usually polypoid, single or multiple, and vary from 1 
cm. in diameter to the size of a large polypus. Microscopically, they 
are edematous, with small, spindle-shaped cells, among which are scat- 
tered larger cells with striated protoplasm. 

Angioma in the bladder resembles angioma found elsewhere in 
the body. 

In most cases benign tumors arise in the region of the ureteral 
orifice or the trigone, although no portion of the bladder is exempt. 
In a few of the cases cited, the pedicle of the tumor was attached to 
thé vertex of the bladder, and cases of benign tumor arising from the 
posterior and lateral walls of the bladder have been reported. 

Benign tumors of the bladder usually do not present symptoms 
until they are of considerable size. Frequently they are not discovered 
except at necropsy. If the tumors have a long pedicle, or if they are 
near the vesical neck of the bladder, obstructive symptoms, indicating 
the presence of some pathologic condition of the bladder, may occur. 

Benign tumor of the bladder can be determined by cystoscopic 
examination, although visualization is difficult in the case of an unusually 
large growth. Prior to operation the diagnosis of a malignant lesion 
is often made. If the tumor is large, the capacity of the bladder is 
markedly diminished. The cystoscopic appearance of a small tumor is 
quite different from that of a papilloma or malignant tumor. As a 
rule, bleeding is not marked, the bladder is less irritable and the tumor 
is smooth and glistening. There is usually no sloughing, and touching 
the tumor with a ureteral catheter does not cause as much bleeding 
as there would be if the tumor were malignant. 
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Excision of the tumor is the procedure of choice, a wide excision 
being made to assure complete removal in case unsuspected malignant 
transformation may be present. 


| Ep. Note.—Benign tumors of the bladder, as stated by Higgins, 
are comparatively rare. Angiomas and myomas are occasionally seen. 
The myomas are similar to myomas of the uterus. They are rarely 
pure, but generally are fibrous and benign. Profuse hematuria is a com- 
mon symptom and occasionally is combined with a palpably obstructing 
tumor. Six of 41 cases reported by Concetti among children were 
myomas. These growths are generally on the trigone or posterior wall 
of the bladder and are often pedunculated. They are the most common 
of the connective tissue tumors of the bladder. ] 


Macalpine ** reported 2 cases of hemangioma of the bladder. In 
1 case the diagnosis was made, and treatment was carried out by cysto- 
scopic examination without microscopic confirmation; in the other, 
partial resection of the bladder was done, and the diagnosis was con- 
firmed by histologic examination. 

The outstanding symptom is hematuria, which, when once estab- 
lished, tends to be continuous or to recur at intervals and becomes 
increasingly severe. In 4 of 20 cases reviewed death was due to 
exsanguination. This condition must be distinguished from vesical 


varices, which are simple vascular dilatations and hypertrophy without 
formation of new vessels. The bleeding is not profuse and does not 
tend to recur. Expectant treatment may be given. 

The existence of nevoid tissue elsewhere aids in the diagnosis of 
vesical hemangioma. In Macalpine’s second case, the colon, rectum, 
thigh, scrotum and penis were extensively involved. 


Because the main bulk of the cavernous tissue occupies the mus- 
cularis and because cauterization opens deep vessels which cannot be 
sealed by electrode, transurethral electrocoagulation is reserved for 
small and superficial tumors. For the same reason, resection of the 
bladder, when feasible, is preferable to excision of the growth by 
cautery. 


| Ep. Note.—Hemangiomas of the bladder may be small and their 
only symptom a persistent profuse hematuria, or they may be extensive, 
penetrating into the perivesical tissue and simulating growths of other 
pelvic organs. In most cases they are composed of anastomosing 
dilated cysts filled with blood; in rare instances they occur as branch- 
ing masses of apparently recently formed blood vessels, supported by 
fibromyxomatous stroma. Such tumors are comparatively rare. Watson 


23. Macalpine, J. B.: Two Cases of Haemangioma of the Bladder, Brit. J. 
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found only 2 in 653 cases reviewed ; Albarran reviewed 3 cases from the 
literature and reported 1 of his own which occurred in a series of 106 
cases of tumor of the bladder which he had observed. There were 3 
cases of hemangiomas in a series of 262 cases of tumor of the bladder 
reported from the Mayo Clinic. ] 

Aschner ** reported a case of carcinoma of the bladder in which an 
operation in two stages was done. At the first stage both ureters were 
transplanted into the sigmoid. Cystectomy was performed seventeen 
days later; the bladder, prostate gland, seminal vesicles and a massive 
carcinoma were removed en masse. 

In commenting on Aschner’s report, Barringer spoke of the high mor- 
tality in this type of operation (about 50 per cent) and suggested 
radium treatment which offers as much chance of cure, with a mortality 
of 3 or 4 per cent. 

Aschner stated that under modern conditions the mortality would 
more correctly be 10 to 15 per cent. 

Aschner ** stated that cystoscopic biopsy furnishes reliable data as 
to the nature of tumors of the bladder in 97.5 per cent of cases. The 
unavoidable failures occur chiefly in cases of multiple tumors and 
papillomatosis. In the presence of a malignant lesion, prognosis cannot 
be made from biopsy material alone. A diagnosis of a malignant con- 
dition made at biopsy in a case simulating papilloma on cystoscopic 
examination and response to fulguration is an indication for treatment 
with radium or for surgical intervention. Classification based on cell 
grading alone is not practical for clinical purposes. The presence or 
absence of infiltration is apparently a more reliable guide to the gravity 
of the case. 

- The situation of a malignant tumor determines its resectability. If 
carcinoma is diagnosed on biopsy, and the condition warrants surgical 
intervention, segmental resection of the wall of the bladder is the pro- 
cedure of choice. Failure to operate even when tumors are peduncu- 
lated has often resulted in recurrence. Stalk invasion and tumor cells 
in blood vessels at the base cannot be detected on gross examination. 

Colston *° stated that there ts a general uniformity of opinion that 
all epithelial tumors of the bladder are potentially malignant. Bumpus 
stated that certain tumors that Broders classified as graded 1 and 2 
in his carcinomas graded 1 to 4 can be successfully treated by electro- 
coagulation through the cystoscope. Bumpus does not use radium and 
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treats the more malignant types of tumors by excision and diathermy. 
Hunt found that 65 per cent of the patients operated on for tumors 
of grade 1 and 2 are alive three years or more after operation, whereas 
only 34 per cent of those with tumors graded 3 and 4 were living after 
three years. 

At the Brady Institute, tumors of the bladder are classified accord- 
ing to their appearance at cystoscopic examination. The presence of a 
definite pedicle is of significance when considering treatment and prog- 
nosis. Pedunculated tumors rarely infiltrate ; there may occasionally be 
some direct extension of the growth from the pedicle and superficial 
infiltration may occur. This cystoscopic procedure has led to a classi- 
fication of tumors as follows: pedunculated, which are usually not 
infiltrating but may rarely be so; sessile, which may be noninfiltrating 
or infiltrating, and true infiltrating tumors. 

It is concluded that the presence or absence of infiltration is the 
most significant characteristic of any tumor of the bladder and must 
be determined as accurately as possible before treatment. Noninfiltrat- 
ing tumors are best treated by a combination of endovesical electro- 
therapy and direct application of radium. By direct application of 
radium, resistant tumors may usually be made to respond promptly to 
the high frequency spark, which markedly diminishes the possibilities 
of recurrence. Infiltrating tumors should be treated by resection when- 
ever this procedure can be done safely. When resection is impossible 
the tumor should be destroyed by diathermy through the open bladder, 
and radium seeds implanted throughout its base. Successful and intelli- 
gent treatment of tumors can be carried out only by knowledge of 
cystoscopic and electrotherapeutic methods, the technic of application, 
the results of radium and deep roentgen ray and thorough surgical 
experience in the treatment of such neoplasms. 


Calculi—Caulk *"considered the advantages and disadvantages of the 
suprapubic removal of stone from the bladder as compared with litho- 
lapaxy or the crushing operation and evacuation of calculous fragments. 
The current opinion is that litholapaxy is indicated in all uncomplicated 
cases of stones in the bladder, without obstruction, without association 
of diverticulum, tumor of the bladder, intense cystitis or urethral stric- 
ture, and that surgical removal is the operation of choice in complicated 
cases. 

The average age of patients with stone in the bladder was 56.6 
years. The majority of stones occurred usually when the patients were 
between the ages of 40 and 70 years. One hundred ninety-seven of the 
patients (87.5 per cent) were men, and 28 (12.5 per cent) were women. 


27. Caulk, J. R.: Litholapaxy: The Method of Preference for the Removal 
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There was associated enlargement of the prostate gland in 116 cases 
(51.4 per cent), including 20 cases of carcinoma of the prostate gland 

17 per cent). Stricture of the urethra occurred in 17 cases (7.5 per 
cent), associated with prostatic hypertrophy in 7. Other conditions 
associated with stone were carcinoma of the bladder in 13 cases; diver- 
ticula of the bladder in 17; neurogenic bladder in 5; suprapubic fistula 
in 8; vesicovaginal fistula in 1 case; recto-urethral fistula in 1, and 
perineal fistula in 2 cases. Sixty-five per cent of the patients were 
classified as good risks, and 35 per cent as poor. Of the poor risks, 
42 (60 per cent) were operated on by litholapaxy with 1 death (2.4 
per cent), and 16 were treated suprapubically with 4 deaths (25 per 
cent). One hundred ninety-six operations were performed in the series 
of 225 cases. In 112 (57 per cent) of the 196 cases, litholapaxy was 
done; in 32, suprapubic cystotomy alone; in 52, cystotomy in conjunc- 
tion with prostatectomy and other surgical procedures such as diverti- 
culectomy, resections of the bladder for tumor, radium implantation or 
catheterization. Litholapaxy was performed in 44 cases in which pros- 
tatic hypertrophy was associated ; 7 operations were done in cases with 


prostatic carcinoma, and 8 operations in cases with stricture of the 
urethra. 


In 169 cases in the series the size and number of stones were noted. 
In 66 (39 per cent) the stones were multiple ; cure followed litholapaxy 


in 60 per cent. In 14 cases (35 per cent) multiple stage operations 
were required. There were 82 stones either alone or multiple. The 
condition of 27 (33 per cent) of these patients was cured by litholapaxy. 

In many of the simple cases a local urethral anesthetic is sufficient ; 
there appears to be no necessity for a general anesthetic. In rare cases, 
spinal anesthesia is advisable. The chief structures to be protected 
during this operation are the urethra and the wall of the bladder. It is 
essential to crush as much as possible during one introduction of the 
lithotrite and then remove it for evacuation. It is seldom necessary 
to insert the lithotrite more than twice at one sitting. To protect the 
urethra from tears or injury resulting from fragments adhering to the 
instrument, the lithotrite is advanced into the bladder and when cen- 
tered in the open bladder, the male and female blades are jammed 
together in order to throw off the impacted fragments and then are 
screwed together tightly before extraction. 

Few complications resulted from litholapaxy in these cases; pyelo- 
nephritis occurred in 4.4 per cent, epididymitis in 4.4 per cent, hemor- 
rhage in one case, periurethral abscess in 3 per cent and impacted calculus 
of urethra in 3 per cent. The average stay in the hospital in the 112 


cases was ten days; in most of the uncomplicated cases, only two or 
three days. 
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Indications for the suprapubic operation are: large stones, stones 
which are adherent to the wall of the bladder and stones associated 
with other pathologic conditions, such as prostatic obstruction, stricture, 
diverticulum or tumor. The average stay in the hospital following 
suprapubic cystotomy was thirty-nine days. In 32 cases of simple cysto- 
tomy there was one death (3.1 per cent). In the 52 cases of cystotomy 
for stone in which prostatectomy or prostatectomy with resection of the 
bladder for tumor or for diverticulum was done, there were 7 deaths 
(13.4 per cent). In the 112 cases of litholapaxy there was 1 death. 


Diverticulum.—Eisenstaedt and McDougall *§ stated that increased 
intracystic pressure due to obstruction or infection or both are sig- 
nificant in causation of hernia of the bladder through a congenitally 
weak area. Congenital diverticula do not present histologic character- 
istics to distinguish them from the acquired type. Complete surgical 
removal is indicated in all cases in which the general condition of the 
patient warrants operative intervention. Preliminary drainage offers 
little help in preparing a patient for radical resection of a diverticulum. 


Exstrophy.—Walters *® stated that 100 patients with exstrophy of 
the bladder have been operated on at the Mayo Clinic within the last 
thirty years. Seventy-three of these patients were operated on by a 
method described by C. H. Mayo. The procedure consists of trans- 
peritoneal transplantation of the ureters into the sigmoid, using a prin- 


ciple which Coffey described in transplantation of the common bile duct. 
The lower end of the ureter, for a distance of 2.5 to 3 cm. is carried 
in the wall of the sigmoid, between the muscular and mucosal layers of 
the intestine, so as to secure a valve-like action. In the experience at 
the clinic this operation has been attended by an extremely low mortality 
rate, and the evidences of ascending infection into the kidneys are prac- 
tically negligible, even fifteen or twenty years after operation. Many 
of these operations were performed on adults, but the most propitious 
time is before the age of puberty. The patient should be at least 4 
years of age and should have obtained sphincteric control of the feces. 
The safest procedure for children has been to transplant one ureter at a 
time. Preferably, the right ureter is transplanted at the first operation, 
and ten days or two weeks later, the left ureter is transplanted ; in ten 
days the bladder can be removed. In the 73 cases in which both 
ureters have been transplanted, 3 patients (4.1 per cent) died in the 
hospital. 
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Paralysis —Cathcart *° reported a case of paralysis of the bladder 
due to spina bifida occulta. At cystoscopic examination residual urine, 
trabeculation of the bladder, relaxation of the internal sphincter and 
reduction of the expulsive force were noted. The condition was cor- 
rected surgically, with a good result. 

Learmonth ** stated that in cord bladders in which spina bifida 
occulta is present, the osseous defect may be regarded as a primary 
factor in from 60 to 70 per cent of cases. The actual manifestation of 
the paralysis is due to mild but continued pressure on the roots of the 
sacral nerves, particularly the second, third and fourth sacral nerves, 
which provide motor and sensory fibers for the bladder. This pressure 
may be due to one of a number of causes. The most usual cause is the 
presence of a fibrocartilaginous band below the bony defect, which 
represents the persistent ligamentum flavum plus the rudimentary 
vertebral arch. 

Tuberculosis —Ferris ** stated that most authorities consider the 
bladder is never the primary focus of tuberculosis in the body. Vesical 
tuberculosis is usually secondary to involvement of the kidney, and less 
often to tuberculosis of the epididymis, prostate gland or seminal 
vesicles. He reported finding at necropsy tuberculosis of the bladder, 
unaccompanied by other demonstrable tuberculous involvement of the 
genito-urinary tract. Acute necrotic and exudative pulmonary tuber- 
culosis and acute ulcerative tuberculous enteritis with multiple perfora- 
tions causing general peritonitis were also present. 

In the records of 2,062 necropsies at the New Haven Hospital, a 
tuberculous lesion of some type was mentioned in the anatomic diag- 
nosis in 751 cases. In 568 cases the tuberculosis was healed or quiescent 
and was shown by an apical scar in the lung, or a calcified lymph node. 
In the remaining 183 cases, the lesions were active, and usually the 
primary cause of death. Ten cases of tuberculosis of the bladder were 
noted ; in 7 cases one or both kidneys were involved, and in 6, infection 
of the prostate gland, seminal vesicles or epididymis was also present. 


PROSTATE GLAND 


Hypertrophy.—Cabot ** rated the causes of death after prostatec- 
tomy as follows: (1) infection, including so-called pyelonephritis, 
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together with the infections incident to operation, such as infection of 
the prevesical space, epididymitis and periurethritis; (2) various types 
of pneumonia and (3) various vascular accidents, including pulmonary 
embolism and cerebral hemorrhage. 

It is Cabot’s belief that too much attention is focused on avoidance 
of renal insufficiency in prostatectomy, and that infection has been 
allowed to assume significance in the cause of death. The more common 
types of infection contributing to mortality in prostatectomy are pyelo- 
nephritis, infection of the prevesical space, epididymitis and periurethritis, 
the last three of which can be partially or entirely abolished by atten- 
tion to technic. Infection of the prevesical space can be avoided by 
approaching the bladder, after the skin, fascia and muscles have been 
separated, only in a transverse way, allowing the fascial protections of 
the prevesical space, where resistance to infection is low, to remain 
intact. Epididymitis is a serious complication, and is almost always 
due to extension of infection from the prostatic region to the epididymis 
along the vas deferens. It may be avoided by division of the vas 
deferens at the beginning of the institution of drainage, whether by 
urethral catheter or by suprapubic cystostomy. Periurethritis arises 
from irritation of the urethra, most commonly by an inlying catheter, 
but also by instrumentation incident to diagnosis. It is a handicap in 
the institution of urethral drainage, and perhaps cannot be entirely 
avoided if this method of drainage is to be used. 

Infection of the urinary tract known as pyelonephritis should 
include infection of the bladder which always accompanies it. Pyelo- 
nephritis due to pure colon bacillus infection is seldom severe and rarely 
a cause of death. The admixture of various cocci together with Proteus 
ammoniae produce a more severe and highly fatal lesion. 

In cases in which drainage by catheter is discontinued early or is 
never employed, and in which the drainage is done by the suprapubic 
route, infection of the urinary tract may not occur, or it is likely to be 
milder. In this group is the other common source of infection of the 
urinary tract, namely, that which follows removal of the prostate gland, 
an organ almost always infected by the time patients appear for opera- 
tion. The removal of the prostate gland leaves a surface susceptible to 
infection on account of raw surfaces exposed to contamination. Infec- 
tions appearing after prostatectomy are likely to be more severe, prob- 
ably because the various cocci or the Proteus are more commonly the 
infecting organism. 

Urethral drainage with the inlying catheter is associated with infec- 
tion and jeopardizes somewhat the so-called one-stage prostatectomy as 
it is now carried out. 


[Ep. Note.—Cabot outlines succinctly the problem of infection in 
prostatic obstruction. Neff and Keyes showed that cystostomy in 
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two stages will avoid an enormous degree of prevesical space and infec- 
tion of the abdominal wall. The ligation of the vasa as a preventive of 
epididymitis is now almost uniformly practiced. The use of the 
indwelling catheter undoubtedly predisposes to prostatitis and posterior 
urethritis of varying degree, as emphasized by Thomas and others. Hunt 
has shown that such infection probably has some value in vaccinating 
the patient against that infection which must take place in the prostate 
bed when the gland is. removed, and hemostatic bags, packs and catheters 
are placed in contact with the raw surface of the prostatic capsule. It 
taxes the judgment of the surgeon to evaluate the factors for or against 
one or two-stage prostatectomy. | 


Thomas, Exley and O’Brien ** reported on a study of the preopera- 
tive and operative treatment, with observations at necropsy in 30 cases 
of hypertrophy of the prostate gland. Infection may be introduced into 
the urinary tract by any type of drainage of the bladder by catheter, 
and into the blood stream by traumatizing the urethra, both of which 
conditions contribute to the mortality in hypertrophy of the prostate 
gland. In 93 per cent of the records at necropsy, old or recent infection 
of the urinary tract was a significant factor in causing death. In none 
of the cases in this group was suprapubic drainage of the bladder alone 
carried out ; in 93 per cent there was either periodic or permanent drain- 
age of the urethra by catheter. Cardiovascular disease without infec- 
tion of the urinary tract was a factor in producing death in only 7 
per cent of the cases. Bronchopneumonia was the cause of death in 
14 cases (46 per cent). In only 2 cases there was no evidence of a 
severe genito-urinary infection. Forty per cent of the total number 
of: deaths occurred during preoperative treatment. 

The authors concluded that the infection already present in the 
urinary tract, together with that which may be introduced by instru- 
mentation, causes bacteremia which is responsible for the majority of 


deaths occurring during the treatment of hypertrophy of the prostate 
gland. 


Seng ** observed that in cases of prostatism in which the accepted 
normal of blood pressure deviated, the surgical risk was unfavorable, 
complications were likely to occur, and healing was prolonged. Five 
hundred and fourteen cases were studied. Estimations of blood pressure 
were divided into low, cases in which the systolic blood pressure was 
less than 140 mm. of mercury; normal, cases in which the systolic 


34. Thomas, G. J.; Exley, E. W., and O’Brien, W. A.: Causes of Death 
Following Treatment for the Relief of Prostatic Obstruction, J. Urol. 25:343 
(March) 1931. 


35. Seng, M. I.: Study of Blood Pressure in Prostatism Including Cardio- 
vascular Changes, J. Urol. 25:313 (March) 1931. 
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pressure was between 140 and 160, and high, cases in which the systolic 
pressure was 160 or more. 

Of 454 cases in which prostatectomy was successfully performed, in 
which the condition was cured, the blood pressure was normal in 174 
(38.1 per cent); it was low in 152 (33.4 per cent), and high in 128 
(28.5 per cent). General examination of the cardiovascular system in 
these 454 cases disclosed arteriosclerosis in 22 per cent; enlargement 
of the left side of the heart in 18 per cent; myocarditis in 8 per cent; 
chronic endocarditis in 7 per cent, and enlargement of the right side of 
the heart in 1 per cent. In the cases in which blood pressure was low 
the average systolic pressure was low for prostatectomy. Renal func- 
tion was good. After drainage the systolic pressure and pulse pressure 
dropped, but the renal function improved. In the normal group the 
average systolic and diastolic pressures were at the lower limits of 
normal. Pulse pressure indicated normal myocardium. Renal function 
was only slightly impaired. Following drainage, systolic, diastolic and 
pulse pressure dropped sharply, and renal function improved. After 
prostatectomy systolic and pulse pressures rose steadily, and renal func- 
tion improved. In the group in which blood pressure was high the 
systolic and diastolic pressures and the pulse pressure were high. Renal 
function was good. Drainage lowered the systolic pressure markedly ; 
diastolic and pulse pressures were less affected. Renal function 
improved. Patients with normal blood pressure have a resilient cardio- 
vascular system. Following drainage, there is usually an initial fall in 
the pressure. With rest this should be partially recovered before pros- 
tatectomy. After removal of the prostate gland, a fall with recovery 
occurs. 

There were 60 deaths in the series of 514 cases of hypertrophy of 
the prostate gland. Thirty-six deaths (60 per cent) occurred following 
prostatectomy ; 18 (30 per cent) followed primary cystotomy only, and 6 
(10 per cent) occurred in cases in which only drainage by indwelling 
catheter could be done. Thirty-six patients (7.34 per cent) died fol- 
lowing prostatectomy. The mortality following only primary cysto- 
tomy or drainage by catheter was 45 per cent in the group in which 
‘plood pressure was low; 42.8 per cent in the group in which blood 
pressure was normal, and 31.5 per cent in the group in which the blood 
pressure was high. Operative mortality was 18 (6.74 per cent) in the 
group in which blood pressure was low, 20 (6.45 per cent) in the 
normal group, and 18 (9.21 per cent) in the group in which the pres- 
sure was high. The lowest operative mortality in relation to type of 
technic was 2 deaths (3.3 per cent) with suprapubic prostatectomy in 
one stage. Usually prostatectomy was performed by the two-stage 
suprapubic method; there were 32 deaths (7.58 per cent). The mor- 
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tality rate of perineal prostatectomy was 2 (25 per cent). In cases in 
which cystotomy only was done, 18 patients (51.4 per cent) died. 
Necropsy revealed that 28 per cent of patients had had arterio- 
sclerosis; 46 per cent, enlargement of the left side of the heart; 13 
per cent, enlargement of the right side of the heart, and 20 per cent 
had had chronic endocarditis. Death in the group in which the blood 
pressure was low was apparently caused by cardiac deficiency rather 
than by increasing renal impairment. It occurred on an average of 
seventeen and five-tenths days after operation. Before drainage the 
svstolic and pulse pressures were moderately low. Renal function was 
moderately impaired. After drainage there was practically no change 
in the pressure. Renal function as estimated by the condition of the 
blood was slightly more injured. Following prostatectomy, a marked 
drop in systolic and pulse pressures occurred, which was less marked 
in diastolic pressure. Renal function was impaired. In the case in 
which blood pressure was within normal range, the systolic pressure 
fell steadily after drainage ; there was a further fall after prostatectomy. 
The diastolic pressure fell markedly after drainage with only moderate 
recovery after removal of the prostate gland. Death occurred from 
cardiac involvements and acute cardiac accidents rather than from renal 
failure, which is substantiated by the fact that death occurred on an 
average of ten and seven-tenths days after prostatectomy. If systolic 
pressure was high before operation, it rose after drainage, and fell 
abruptly after prostatectomy. There was a decided fall in diastolic 
pressure, with practically no recovery after removal of the prostate 
gland. Pulse pressure showed inversion of the usual curve, only more 
marked than in the other two groups. The renal function improved 
slightly following drainage without further recovery after prostatec- 
tomy. The mortality in this group was more definitely attributable to 
the combination of cardiovascular and renal deficiency. Death occurred 
on an average of seventeen and seven-tenths days following operation. 
In the group in which the blood pressure was low, and in which 
prostatectomy was successful, complications were most common. The 
basis of 46 per cent of all complications was infection. Hemorrhage 
sufficiently severe to require packing of the prostatic cavity following 
prostatectomy occurred in 3 cases (0.6 per cent). Two were in the 


group in which blood pressure was low, and 1 in the group in which 
it was normal. 


Seng concluded: The patient with normal blood pressure is the 
ideal surgical risk in prostatectomy. Deaths are principally due to car- 
diac and pulmonary involvements. If the patient has low blood pres- 
sure, prostatectomy is not so advisable. The wound heals sluggishly, and 
there is often advanced renal or cadiovascular breakdown, permitting 
only the simplest procedures to be undertaken. Cardiac and renal involve- 
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ments usually are the cause of death. Patients with high blood pressure 
are the least favorable surgical risks, as they are liable to cardiovascular, 
pulmonary and renal lesions. 

Bacon, Kretschmer and Woodruff ** stated that the electrocardio- 
gram adds little information to indicate the preoperative risk in cases 
of obstruction of the prostate gland when severe cardiac disease is 
apparent on general examination. The hearts of elderly patients may 
be reported as normal on general examination, yet the electrocardio- 
gram may show definite evidence of myocardial disease, a warning of 
the potential danger in attempting operation, particularly under general 
anesthesia. 

Carcinoma.—Rovsing ** stated that carcinoma of the prostate gland 
is one of the types that afford poorest operative results, owing, in most 
cases, to late diagnosis. Metastasis develops early, and for this the 
patient first seeks relief. If the carcinoma develops in the periurethral 
or accessory prostate gland, the symptoms are those of simple hyper- 
trophy; if it lies hidden by the prostate gland proper, its real nature 
may escape the exploring finger. If the carcinoma develops in the 
prostate gland proper, it may grow for a long time without causing 
retention, but can easily be detected on rectal exploration. 

Suprapubic prostatectomy is not recommended in cases of carcinoma 
of the prostate gland. In most cases enucleation is difficult because of 
firm adherence to the gland. The perineal route, which is usually chosen 
with the Young method, is no more radical than suprapubic enucleation. 
The advantages of the suprapubic route are as follows: diagnosis is 
possible regarding the extent of the tumor in the bladder by insertion 
of one finger into the bladder and another into the rectum; healing is 
more rapid than by the perineal route and fistulas are avoided, and if 
the tumor is inoperable, suprapubic drainage may be instituted. The 
relation of the tumor to the rectum is more easily determined by the 
perineal route, but hemostasis is more difficult and there is always 
danger of fistula. The nerves and vessels of the external sphincter are 
less exposed to injury by this route. 

In 1928, Rovsing carried out the combined suprapubic and perineal 
operation. The bladder was resected in the median line down to the 
margin of the tumor and then cut through the wall of the bladder 
around the tumor and prostate gland and at a suitable distance from 
the tumor. Usually the wall of the bladder is not split to this extent, 
but in Rovsing’s case the tumor extended too far into the bladder to 
permit implanting of the urethra at the usual site. The bladder was 


36. Bacon, C. M.; Kretschmer, H. L., and Woodruff, Lewis: Electro- 
cardiographic Studies in Prostatic Obstruction, J. Urol. 25:335 (March) 1931. 

37. Rovsing, Christian: Om behandlingen af cancer prostatae, Ugesk. f. leger 
92:578, 1930; abstr., Am. J. Cancer 15:498 (Jan.) 1931. 
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therefore closed anterior to the urethra, leaving a broad catheter in 
the latter. 

The combined operation can be undertaken only if the patient’s 
general condition permits such extensive intervention. Careful exami- 
nation must be made for metastasis in the lungs and liver and in the 
glands of the pelvis, as manifested by neuralgic pains or edema of 
the lower limbs. The spinal column, especially its lumbar portion, and the 
bones of the pelvis must be examined, preferably by roentgen rays. 
If metastasis is present, radical operation does not offer cure and is 
not the proper procedure for relieving retention and other symptoms. 

The primary operative mortality with the combined suprapubic- 
perineal operation is no greater than after simple prostatectomy. Rov- 
sing’s patient is well and working a year and a half after operation. 
In a number of cases fistulas and incontinence will occur. 

Treatment by roentgen rays has given poor results in carcinoma of 
the prostate gland. As an adjunct to radium treatment and as a pallia- 
tive measure in metastasis it is still used. Radium gives better palliative 
results than any other treatment, but cures are rare. Marion and Bar- 
ringer have not had satisfactory results from radium treatment. Bum- 
pus, Deming and Young are more optimistic about its use, principally 
as a palliative measure. For retention, catheterization rather than 
cystostomy is indicated in cases in which radium is to be applied later, 
and also in cases in which radium is not to be used. 

The suprapubic fistula is indicated in cases in which urethral 
obstruction renders catheterization impossible, as well as in cases of 
total retention complicated with infection and in cases of severe hemor- 
rhage from an ulcerated tumor. The suprapubic fistula may also afford 
reliéf in some cases of ulcerated tumor combined with cystitis in which 
the patient suffers intensely from tenesmus and pain on urination. 
Patients should be encouraged to get along without the fistula as long 
as possible, as inflammation of the bladder incident to this interven- 
tion hastens ulcer of the tumor. When this develops cystitis cannot 
be kept down, and the patient’s suffering is increased. 


Abscess—Swan ** stated that abscess of the prostate gland can 
manifest itself in a variety of ways. The entire gland does not always 
become abscessed; only a small part of one or more lobes may be 
involved. Symptoms may be almost entirely absent, local or gen- 
eralized. The course of the disease is prolonged, although the acute 
stage may last a comparatively short time. 

Swan believes that, except in cases in which surgical intervention 
is necessary due to acute retention, to the onset of high fever and 


38. Swan, C. S.: A Clinical Consideration of Prostatic Abscess, J. Urol. 25: 
413 (April) 1931. 





888 ARCHIVES OF SURGERY 


chills, or to failure to relieve urgency and tenesmus of urination by 
palliative measures, nonoperative treatment should be the firs: method 
of choice. After the gland has been drained surgically, requiring hos- 
pitalization of about two weeks, there is always a period, usually 
prolonged, of necessary prostatic massage before the gland is free 
from infection. In most cases it is doubtful whether the operative 
drainage shortens the total duration of infection in the gland. Palliative 
treatment, consisting of hot rectal irrigations and frequent gentle 
massage, often eliminates the necessity of operative intervention in 
many cases. In some cases in which arthritis, chills or fever are not 
present before surgical intervention, all these conditions arise after 
operation, probably by a sudden throwing out of inflammatory products 
with their possible entry into the blood stream in the form of bac- 
teremia. 


(To be Concluded) 
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